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EXECUTIVE SUMMARY

The area of the Kenai National Wildlife Refuge (KNWR) has attracted
significant oil exploration activity since the 1950s. This interest has
continued until the present, with the last well being completed in 1985.
Contacts with the oil industry indicate that this interest continues. This
study of the hydrocarbon resource potential of KNWR indicates that the refuge
may be divided into two areas; one of high potential and one of low potential.

The area of high potential is that part of the refuge lying west of a line
between the eastern side of Chickaloon Bay and the northern end of Kachemak

Bay. The remainder of the refuge has a low potential for hydrocarbon resource
occurrences.

KNWR may also be divided into two areas of different oil and gas
development potential. These areas correspond exactly to the areas of
hydrocarbon resource potential and have the same relative rankings.

Interest in oil and gas exploration in KNWR ranks as moderate due to the
current low oil prices, and could remain at that level until the mid-1990s, at
which time the trend of increasing oil prices may change the interest in KNWR
to high. Moderate interest means that there should be requests for wermits to
do surficial geologic work every year, and at least one request for a permit
to do helicopter transported seismic exploration or drilling every three to

five years. Any upturn in oil prices will cause a corresponding increase in
interest in the area.
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INTRODUCTION

The purpose of this report is to provide an oil and gas resource
assessment of the Kenai National Wildlife Refuge (KNWR) to be included as part
of the "comprehensive conservation plan" for the Refuge as mandated by
Sections 1008 and 304(g) of the Alaska National Interest Lands Conservation
Act (ANILCA).

The U.S. Bureau of Land Management (BLM) is conducting the resource
assessment at the request of the U.S. Fish and Wildlife Service (FWS) as set
forth in a Memorandum of Understanding betweer the FWS and BLM (Appendix A).

The purpose of this report is:

1. To identify areas of differnt hydrocarbon resource potential.

2. To illustrate and discuss a hypothetical development scenario within
KNWR.

3. To present an economic assessment of oil and gas production from the
KNWR. ’

Description of Geology

Previous Work

Geologic investigations of southeaster: Alaska by the U.S. Geological
Survey (USGS) began prior to 1900, with an increase in the level of work in
the 1930s. There was another increase in the number of investigations
performed in the 195Us, at which time *the oil industry became increasingly
interested in the Cook Inlet Basin. This industry interest led to the
discovery of oil at the Swanson River Field in July 1957. Many of the papers
discussing the geology of the Cook Inlet Basin and KNWR are listed in the
bibliography (page 51).

Physiography

KNWR is located on the Kenai Peninsula in southcentral Alaska (figure 1).
The Refuge encompasses 1.97 million acres, of which about 660,000 acres lie
within the Kenai Range of the Kenai-Chugach Mountains section of the Pacific
Border Ranges physiographic province. The remaining two-thirds of the Refuge
lies within the Kenai lowland area of the Cook Inlet-Susitna Lowland section
of the Coastal Trough province (Wahrhaftig, 1965).

The Kenai Range within KNWR is comprised of steep, rugged mountains and
narrow glacial valleys. The topography is characterized by glacial features,
with horns, aretes, cirques, etc., being common. Glaciers are comon, and the
highest part of the mountains are buried beneath the Harding Icefield.
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Elevations of the Kenai Range within the Refuge range from 3,000 to 6,600 feet
(900 to 1,800 m). Most streams in the Kenai Range are short and swift,
heading in glaciers. There are several lakes filling valleys in the northern
Kenai Range, but no major ones within the Refuge (Wahrhaftig, 1965).

The Kenai lowland is a glaciated lowland containing areas of ground
moraine and stagnant ice topography. Most of the lowland is less than 500
feet (150 m) in elevation, although some rolling upland areas approach 3,0C0
feet (900 m) near the Kenai Range. There are two large lakes in the Kenai
lowland (Tustumena and Skilak) whose basins were carved by glacial ice.
Numerous small lakes and ponds occur in areas of stagnant ice topography and
on ground moraines, most of these are north of the Kenai River. The major
drainage crossing the Kenai lowland is the Kenai River.

Rock Units (Lithology and Stratigraphy)

The surficial geology of KNWR is limited to primarily three rock types:
(1) Valdez Group, (2) McHugh Complex, and (3) surficial material (plate 1).

The stratigraphy of KNWR can be divided into two parts. Figure 2 is a
columnar section for the area east of the Knik Fault, and figure 3 is a
stratigraphic section for the area west of the Knik Fault.

Eastern KNWR

The Late Cretaceous Valdez Group is composed of complexly deformed
sandstones, graywackes, slates, and argillites that have been metamorphosed to
the greenschist facies. Portions of the Valdez Group are interpreted to be
turbidite sequences (Clark, 1972; Jones and Clark, 1973). The Valdez Group is
structurally overlain by the older McHugh Complex.

The Jurassic-Cretaceous McHugh Complex consists of a chaotic mixture of
volcanic and sedimentary rocks that have undergone prehnite-pumpellyite facies
metamorphism. The major rock types are siltstone, conglomeratic sandstone,
graywacke, and arkosi: sandstone. The volcanic rock includes pillow basalts
with associated cherts. Ultramafic rocks and marbles occur locally.

Western KNWR

The stratigraphic section of western KNWR consists of two major rock
groups which are separated by a major angular unconformity (figure 3) (Boss er
al, 1976). The older group is Middle Jurassic to Upper Cretaceous in age, and
the younger group is Tertiary in age. This relationship is shown in plate 1
and figure 4.

Lower Triassic and Older

.Lower Triassic and older volcanic and metamorpaic rocks similar to those
exposed across Cook Inlet are presumed to underlie KNWR.
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Upper Triassic

Overlying the Middle Triassic and older metamorphic rocks is an unnamad
rock unit composed of metamorphosed limestone, chert, volcaniclastic rocks,
and basalt. These rocks are exposed in the Iniskin-Tuxedni region, across
Cook Inlet where they are up to 1,300 feet (400 m) thick, and in the Seldovia
area (Detterman and Hartsock, 1966). The presence of this unit on both sides
of Cook Inlet suggests that it extends under the inlet and presumably to the
north under KNWR; however, no wells have penetrated Triassic rocks.

Lower Jurassic

The Lower Jurassic Talkeetna Formation unconformably overlies the Upper
Triassic unnamed unit. The Talkeetna Formation is exposed on both sides of
Cook Inlet. In the Iniskin-Tuxedni region, it is more than 9,000 feet (2,740
m) thick and has three distinct members, the Marsh Creek Breccia, massive dark
green volcanic breccia and argillite; Portage Creek Member, massive red and
pink conglomerates, tuff breccias, and argillites; Horn Mountain Member, tuff
and thinly bedded to massive tuffaceous sandstones (Detterman and Hartsock,
1966). Near Port Graham, at the southern end of the Kenai Peninsula, the
Talkeetna Formation consists of over 4,500 feet (1,370 m) of massive volcanic
conglomerates, tuffs, and sandstones (Boss et al, 1976). The Talkeetna
Formation has been penetrated by a few wells on the Kenai Peninsula and is
considered to be "economic basement" (Boss et al, 1976).

Middle Jurassic

The Middle Jurassic (Bajocian) Tuxedni Group unconformably overlies the
Lower Jurassic Talkeetna Formatiom. Up to 10,000 feet (3,000 m) of Tuxedni
Group rocks are known to exist. Marine sandstone, conglomerate, siltstone,
and shale are the major rock types of the Tuxedni Group. A few wells on the
Kenai Peninsula have penetrated Tuxedni Group rocks, and some of these have
had oil shows in the Tuxedni Group.

The Middle Jurassic (Bathohian to Callovian) Chinitna Formation
unconformably overlies the Middle Jurassic Tuxedni Group (Boss et al, 1976).
The Chinitna Formation is composed of up to 2,000 feet (600 m) of dark gray
fossiliferous marine siltstones (Detterman and Hartsock, 1966).

Upper Jurassic

The Upper Jurassic Naknek Formation unconformably overlies the Upper
Jurassic Chinitna Formation. The Naknek Formation extends laterally from the
Talkeetna Mountains to the Black Hills near Cold Bay, Alaska (Wilson,
Detterman, and Case, 1985). The Naknek Formation ranges from 5,000 feet
(1,500 m) thick in the Iniskin-Tuxedni area to as much as 10,000 feet (3,000
m) in more complete exposures in the Alaska Peninsula (Boss et al, 1976). 1In
outcrop, the Naknek is composed of boulder conglomerates and interbedded
ccarse-grained sandstones, but where it has been penetratecd by wells, it is

7
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finer grained, with fine-grained sandstones and shales probably predominating
(Boss et al, 1976). The Naknek Formation may record the unroofing of the
Alaska-Aleutian Range batholith (Magoon et al, 1976a). '

Lower Cretaceous i

On the Kenai Peninsula, the Lower Cretaceous Herendeen Limestone
unconformably overlies the Upper Jurassic Naknek Formation. The Herendeen
Limestone apparently has a wide lateral extent, although it is exposed in few
locations. The Herendeen Limestone is a calcarenite that contains abundant
Inoceramus prisms (locally up to 50 percent). Grantz et al (1966) and
Bergquist (1961) have correlated the Herendeen Limestone with the Nelchina
Limestone, east of the Matanuska Valley and in the southwestern Wrangell
Mountains, while Jones and Detterman (1966) have correlated it with a
lithologically similar unit in the Kamishak Hills. The Herendeen Limestone is
13,000 feet (400 m) thick near Anchor Point, but may not be present under
KNWR, as it has not been penetrated by any welis on the Kenai Peninsula north
of Anchor Point.

Upper Cretaceous

The Upper Cretaceous Matanuska/Kaguyak Forination is angularly
unconformable with the hnderlying Lower Cretacecus Herendeen Limestone (where
present) and the Upper Jurassic Naknek Formation. The Matanuska/Kaguyak
Formation is up to 4,500 feet (1,370 m) of marine sandstone, bioturbated
siltstone aand shale, and turbiditic sandstone and siltstone. The Matanuska/
Kaguyak Formation is locally absent in KNWR.

The division that separates the Matanuska Formation from the Kaguyak
Formation is apparently geographical rather than geological. South of an
east-west line drawn from Tuxedni Bay, on the Alaska Peninsula, to the Kenai
Peninsula, these rocks are referred to as the Kaguyak Formation, and north cf
this line they are referred to as the Matanuska Formation (Magoon, personal -
communication, 1986). The name Kaguyak Formation is assigned to a series of
shallow marine conglomerates, sandstones, bioturbated siltstones, turbiditic
sandstones, and siltstones in the Kamishak Hills-Cape Douglas area (Fisher &nd
Magoon, 1978; Magoon et al, 1978). A series of turbiditic siltstones, shales,
sandstones, and conglomerates in the Matanuska Valley are assigned to the
Matanuska Formation (Grantz, 1964). These rocks have been correlated by
Wilson, Detterman, and Case (1985), who refer to them as the Matanuska/Kaguyak
Formation.

Cross section A-A' (figure 4) shows that the Matanuska/Kaguyak Formation
unconformably overlies Upper and Middle Jurassic strata, while cross section
C-C' (figure 4) shows that the Matanuska/Kaguysk Formation unconformably
overlies the Lower Cretaceous Herendeen Limestone. The northern unconformity
(section A-A'), as compared to the southern one (C-C'), indicates extensive
Cretaceous erosion in the northern KNWR, or possibly may reflect a structural
truncation or non-depositional hiatus in the Early Cretaceous (Boss et al,
1976).



Tertiary

Five formations comprise the Tertiary Kenai Group; from oldest to
youngest, they are the West Foreland Formation, the Hemlock Comglomerate, the
Tyonek Formation, the Beluga Formation, and the Sterling Formation. The
thickness of the Kenai Group ranges from 0 to 17,600 feet (0-5,400 m) within
KNWR, as shown in figure 5. The Kenai Group reaches a maximum thickness of
26,000 feet (7,900 m) under Cook Inlet. The Kenai Group unconformably
overlies the Matanuska/Kaguyak Formation, and locally unconformably overlies
Upper and Middle Jurassic rock units.

Eocene

The Eocene West Foreland Formation is the oldest formation of the
Kenai Group, and unconformably overlies Mesozoic rocks. The West Foreland
Formation is composed of conglomerates that contain pebbles of volcanic
rocks, volcaniclastic sandstones and siltstones, tuffs, and thin coal
beds. Kirschner and Lyon (1973) describe the depositional enviromment of
the West Foreland sediments as fluvial non-marine. The West Foreland
Formation is from 0 to 1,700 feet (0-520 m) thick in KNWR (figure 6). The
West Foreland Formation is 890 feet (270 m) thick in the Pan American West
Foreland Well No.-1 (Sec. 21, T. 8 N., R. 14 W., SM), where it was first
described by Calderwood and Fackler (1972). The West Foreland Formation
contains up to 50 percent sandstone (figure 7)

Oligocene

The Oligocene Hemlock Conglomerate unconformably overlies the Eocene
West Foreland Formation. The Hemlock Conglomerate contains from 0 to 570
feet (0-170 ) of conglomerate an conglomeratic sandstone (up to 50
percent) in KNWR (figures 8 and 9). In the Atlantic Richfield Swanson
River Well MWo. 1 (34-10) (Sec. 10, T. 8 N., R. 9 W., SM), where it was
tirst described by Calderwood and Fackler (1972), it is 570 feet thick.
Kirschner aad Lyon (1973), Boss et al (1976), and Hite (1976) have.
described the depositional environment for the Hemlock Conglomerate as
braided and/or meandering fluvial to deltaic to estuarine.

Upper Oligocene to Middle Miocene

The Upper Oligocene to Middle Miocune Tyonek Formation conformably
overlies the Oligocene Hemlock Conglomerate. Calderwood and Fackler
(1972) first described the Tyonek Formation in the Pan American Tyonek
State Well No. 2 (Sec. 30, T. 11 N., R. 11 W., SM), where it :s 7,695 feet
of massively bedded sandstones and relatively thick subbitumirious to
bituminous coal beds and minor claystones and siltstones. The Tyonek
Formation ranges from 0 to 7,100 feet (0-2,100 m) thick in XKNWR and is up
to 20 percent sandstone (figures 10 and 11). Kirschner and Lyon (1973)
and Hite (1976) suggest that
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the Tyonek Formation was deposited in a fluvial deltaic and estuarine
environment. Hite (1976) considers the "poorly drained alluvial basin" of
the Susitna Flat to be a modern analog. '

Miocene

The Miocene Beluga Formation unconformably overlies the upper
Oligocene to Middle Miocene Tyonek Formation. The Beluga Formation is
over 3,000 feet (900 m) thick in eXposures near Homer (Adkison et al,
1975b), and 4,150 feet (1,260 m) thick in the Standard 0il (Chevron)
Beluga River Well No. 1 (Sec. 35, T. 13 N., R. 10 W., SM) where it was
first described by Calderwood and Fackler (1972). Figures 12 and 13 show
that the Beluga Formation ranges from 0 to 4,400 feet (0-1,300 m) thick in
KNWR, with up to 45 percent sandstone. The Beluga River Formation
consists of interbedded sandstones, siltstones, and claystones, with thin
beds (less than 6 feet (Z m) of lignitic to subbituminous coal. Thick
conglomeratic sandstones (fanglomerates) occur locally. The sandstones
are generally laterally continuous. Sedimentary structures within the
sandstones indicate a variable flow regime indicative of a braided stream
environment with coalescing alluvial fans (Kirschner and Lyon, 1973; Hayes
et al, 1976). Heavy mineral suites from the sandstones indicate that the
Kenai Chugach Mountains are the scurce of the Beluga sediments (Hayes et
al, 1976). ’

Pliocene

The Pliocene Sterling Formation unconformably overlies the Miocene
Beluga Formation. The Sterling Formation is chavacterized by fining
upward sequences of conglomerates (rare), conglomeratic sandstones and
massive coarse- to fine-grained sandstones. These sequences are commonly
30 to 90 feet (9 to 27 m) thick and are overiain by ciltstones,
claystones, tuffs, and thin coals. The fining upwarc sequences are
repetitive and can be trazed laterally over large distances. They are
indicative of meandering point bar sequences (Hayes et al, 1976). The
Sterling Formation ranges from 0 to 6,200 feet (0-1,900 m) thick in KNWR
(figure 14), and is 4,490 feet (1,370 m) thick in the Union Cil Sterling
Unit Well No. 23-15 (Sec. 15, T. 5 N., R. 10 W., SM) where it was first
described by Calderwood and Fackler (1972). The sandstone composition of
the Sterling Formation indicates that its primary source was the
Alaska-Aleutian Range batholith (Hayes et al, 1976; Hite, 1976).

Quaternary and Recent

Pleistocene and Holocene glacial sediments and alluvium conformably

overlie the Tertiary Kenai Group. This thin veneer of sediment is labelled
"Q" on plate 1.

17




8

EXPLANATION

]
N Location Map
RN

Department of the Interior
U.S. BUREAU OF %
LAND MANAGEMENT
Branch of Mineral Assessment
ALASKA STATE OFRICE

Kenai National
Wildlife Refuge
Ol AND GAS ASSESSMENT

ISOPACH MAP,
BELUGA FORMATION




61’

EXPLANATION

WAP COMPLED FRCM WALS AND BOMM (1981),
WAGOOR, ADIGSON, AND EGBERT (1978), AND
GEOPHYSCAL WELL LOG DATA.

CONTOUR WTERVAL = 10%

] < Location Map

\—’_\ l R w Departmer.t of the Interior
o N\ , s o U.S. BUREAU OF
%%- X ¥, fg? LAND NANAGEMENT
% ré Bronch of Kineral Assessment
\/;) ALASK i STATE OFFICE
. -=--n
~ __/.J}‘ A Kenai National :::-:
SO W g ¥ Wildiife Refuge fRileme
3 3 LY
Q . A L A . OlL AND GAS ASSESSMENT [wriwits
(3 S ~ cuLr WOF NET SANDSTONE (%),  [%=. s, ves
, BELUGA FORMATION Figure 13.




EXPLANATION

MAP COMPYED FROM WALLS AND BOMS (1991).
WMAQOQN, ADKISOM, AMO ECBERT (1978), AND
GEOPHYSICAL WELL LOG OATA

CONTOUR WTERVAL = 1,000°

+*

G U L F aaw

1.0 3

Location Map

Department Vof the Interior
U.S. BUREAU OF éés .

LAND MANAGEMENT

8ranch of Mineral Assessment
ALASKA STATE OFFICE

3

Kenei National
Wildiife Refuge
OlL AND GAS ASSESSMENT

ISOPACH MAP,
STERLING FORMATION

U
project maneger:
M L Menge

projet gosiogiot:
R_L Teseneer

]
C. N. Gibeea

cempled by
R L Tessneer

Cod
Nov. 6, 1986

Figure 14,




Structural Geology and Tectonics

Structure . —

There are two major structural fegtures that occur within or that are
partially within KNWR. The Border Ranges Fault cuts across the refuge from
the southwest to the northeast, and the westerr two-thirds of the refuge lies
on the southeastern flank of the Cook Inlet Basin,

The Border Ranges Fault is actually a fault zone that is the ma jor
tectonic boundary between two geologic terranes. The Border Range Fault is a
series of high-angle reverse faults that dip to the southeast (MacKevett and
Plafker, 1974). The fault zone can be traced from Kodiak Island northeastward
to the St. Elias Mountains in southesstern Alaska. The Eagle River and Knik
thrust faults are parts of the Border Ranges Fault Zone. This fault zone
forms the southeastern margin of the Cook Inlet Basin.

The Cook Inlet Basin is a relatively narrow, elongated, northeast-
trending, sedimentary basin. It is approximately 200 miles (320 Km) long and
60 miles (97 Km) wide, and is divided geographically into the upper and lower
basin at Kalgin Island. The deepest part of the basin is under Cook Inlet.
The flcor of the basin becomes shallower to the southeast. Figure 15 is the
Structure map of the Hemlock Formation, and it generally reflects the rising
basement to the southeast of Ccok Inlat. The Bouger gravity map of the area
also shows this trend (figure 16).

The rocks of the Kenai Range that underlie the eastern one—third of the
refuge are complexly folded and faulted. Compared to the farlts of the Border
Ranges Fault Zone, these are all relatively minor features. .

The rocks of the Cook Inlet Basin that underlie KNWR ar«. deformed by a
series of northest trending anticlines and synclines with minor crosscutting
faulta; at least in the Swanson River Field.

Tectonics

Presently, the Cook Inlet regiom is part of a tectonically active,
convergent continental margin. The Aleutian trench, a deep trench :that
extends from the eastern Gulf of Alaska, paralleling the Alaska Peninsula and
along the Aleutian Islands (fig. 17), reflects the boundary of the convergent
margin; here the Pacific plate is being underthrust or subducted beneath the
North American Plate. As a result of this subduction process across the
margin, the area is subject to earthquakes of varying intensity generated from
the Benioff zone, a seismic zone that dips northeast (inclined downward from
the trench) and marks the zone of subduction of the Pacific Plate beneath
southcentral Alaska (Lahr et al, 1974). The largest earthquake in recent
times occurred on Good Friday, March 1964, causing the Cook Inlet and the
Kenai Peninsula to subside and the floor of the Gulf of Alaska to rise
(Plafker, 1969 and 1972).
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allochthonous cceanic and continental terranes (tectonostratigraphic terrane)
(Jones et al, 1981; von Huene et al, 1985) (fig. 18) that were emplaced in
their present position as coherent microplates no later than Late Cretaceous
to Early Tertiary time (Moore, 1983). Briefly, the Upper Paleozoic to Lower
Jurassic rocks exposed on the Alaska Peninsula (Peninsular terrane) are
believed to be accreted from equatorial ssources (Coe et al, 1985). The Upper
Jurassic (?) to Cretaceous melange and flysch deposits of the Kenai-Chugach
Mountains (Chugach terrane) have been shown to have been displaced from about
25° south of their present location 62 M.A., based upon paleomagnetic data of
early Tertiary igneous intrusive rocks interbedded with sedimentary rocks (Coe
et al, 1985). Therefore, in a general sense, the continuous,aecretionary
margin in the Gulf of Alaska and Cook Inlet region is believed to have started
in an initial subduction in the southern hemisphere, then moved across the
Pacific on the Kulu Plate to collide with central North America and then
northwestward on the Kulu Plate to collide with Alaska along an early eastern
Aleutian trench during the Late Tertiary, then began the subduction along the
present-day Aleutian Trench. The Cook Inlet Tertiary Basin assumed its
present character during the Oligocene as the Kenai Group began accumulating.

Historical Geology

The discussion of the geologic history of KNWR will start in the Late
Triassic, as little is known about the area prior to that time.

During the Late Triassic, the KNWR area was on a stable marine shelf, as
indicated by marine siltstones, cherts, and limestones. Submarine volcanic

activity began near the end of the Triassic as the area became tectonically
active,

Volcanic activity intensified into the Early Jurassic. Volcanic isleznds
were scattered through the area. Near the end of the Early Jurassic, volcanic
activity decreased, but some explosive volcanism was initiated as indicatec by
some thinly bedded tuffs (Detterman and Hartsock, 19€6). This area was a
typical volcanic island arc, similar to ths Aleutian Islands today. Volcanism
ceased by the end of the Lower Jurassic.

Deposition of the McHugh Complex rocks began during the Jurassic, at some
distance to the southeast of KNWR (Magoon, 1986).

There was either a pause in deposition or a brief period of erosion in
KNWR at the end of the Lower Jurassic and the beginning of the Middle
Jurassic. This probably corresponded to the uplift of the Alaska-Aleutian
Range batholith to the west of KNWR. When sedimentation resumed, the
batholith was the source of the shallow marine sediments of the Tuxedni Group
and the Chinitna Formation (Fisher and Magoon, 1978). The topography around
KNWR in the Middle Jurassic was probably similar to today's, with rugged
mountains and short streams with high gradients carrying coarse sediments into
a shallow marine environment. There were several periods of marine
transgression and regression in the Middle Jurassic. The sediments being
deposited were much finer by the end of the Middle Jurassic as the elevation
of the highlands was decreased by erosion.
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Uplift at the béginning of the Upper Jurassic provided the sediments for
the Naknek Formation. Erosion continued through the Upper Jurassic with
sedimentation in a shallow marine environment.

During the Lower Cretaceous, this area experienced a period of
non-deposition. The only rock unit possibly deposited during the Lower
Cretaceous is the Herendeen Limestone. The rocks of this formation imply that
the Lower Cretaceous was a time of regional stability, with the area KNWR
being a shallow marine shelf. During this time, the McHugh Complex accreted
to the continent (Fisher and Magoon, 1978).

Subduction resumed to the southeast of KNWR in the Upper Cretaceous
(Magoon, 1976). A marine transgression during the Upper Cretaceous is
recorded in the rocks of the Matanuska/Kaguyak Formation. The Valdez Group
was emplaced against the McHugh Complex at about this time.

The Cenozoic era in the Cook Inlet Basin, marked an abrupt change in
sedimentation with a switch from marine shelf deposits to nommarine forearc
basin deposits. Plutonism occurred between 40 to 25 M.A.

During the Paleocene, subduction at the trench uplifted the basin and
thrust the older McHugh Complex over the younger Valdez Group. This uplift of
the basin caused site deposition of the volcaniclastic sediments, siltstone,
and graywacke of the West Foreland Formation (Fisher and Magoon, 1978).

The Middle Eocene through Lower Oligocene was a period of non—deposition
and erosion. Near the end of the Oligocene, the basin was a half to full
graben bounded by highlands that contributed very little sediment. The
Hemlock Conglomerate and overlying Tyonek Formation contain heavy mineral
suites that suggest a northern source, such as east-central Alaska or western
Canada, for these sedim:nts (Kirschner and Lyon, 1973). The uplift of the
central Alaska Range cut off rhe source for the Tyoriek Formation.

During the upper Miocene, the source for the Beluga Formation was from the
Kenai-Chugach Range. The Alaska Range was the source for the Sterling
Formation during the Pliocene and Pleistocene.

Five periods of Quaternary glaciation affected the Cook Inlet Basin. The
most recent ended only 1,100 years ago. Subduction along the trench continues

through the present.

Geochemisgtry

The lack of sufficient geochemical data from the Cook Inlet Basin makes it
difficult to obtain a satisfactory understanding of the petroleum geochemistry
of the area. Most of the o0il, discovered to date, occurs in the northern half
of the basin, while most of thLe adequate geochemical data is from the southern
half. To further complicate the geochemistry of the basin, the gas in the
basin has a different source than the oil.
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0il Geochemistry

From the available data, the only viable sources for oil are the marine
rocks of the Middle Jurassic (Tuxedni Group) (Claypool, 1986; Magoon and
Claypool, 1977, 1981; Espenschied, personal communication, 1986). Claypool
(1986) and Magoon and Claypool (1977, 1978) state that the rocks of the
Tuxedni Group are the cnly ones known to have the proper type of organic
material and also the proper burial history (thermal maturity) for the
production of oil. No direct link can be shown between the known oil
occurrences and possible source rocks; therefore, one must not rule out the
possibility of as yet unidentified source rocks within the basin.

Gas Geochemistry

Two types of gas are found within the Cook Inlet Basin, associated and
nonassociated. Associated gas is found only at oil fields and is associated
with liquid hydrocarbons. Nonassociated gas is found higher in the section
and is not associated with liquid hydrocarbons.

Carbon isotope data and hydrocarbon composition (€C1/€1-C5) indicate that
the associated gas is thermogenic in nature, while the nonassociated gas is
biogenic in nature with a possible minor thermogenic compcnent (of a different
source than that of the associated gas). The associated gas formed through
thermal decomposition of kerogen in the same source rocks as the source of the
liquid hydrocarbons and possibly even from thermal decomposition of the liquid
hydrocarbons. The nonassociated gas formed through biologic activity. It is
possible that there is a minor component of thermogenic gas in the
nonassociated gas that formed from the thermal decomposition of coal
(Claypool, Threlkeld, and Magoon, 1980).

3

Description of 0il and Gas Resources

Known 0il and Gas Fields (Regional)
Alaska has two oil and gas production areas. One is the Cook Inlet Basin,
and the other is the Arctic North Slope. The oil and gas fields of the Cook

Inlet Basin are discussed below. The fields of the North Slope are not
related to KNWR and, therefore, are not discussed.

Known 0il and Gas Fields (Local)

A portion of KNWR lies within the Cook Inlet Tertiary Petroleum Province,
which has been classified as a Favorable Petroleum Geologi:al Province (FPGP).

Kenai Peninsula Fields

Figures 19 through 23 show all of the wells and fields on the Kenai
Peninsula and some of the wells of the offshore Cook Inlet area, and table 1
lists the productive horizons for each of the Cook Inlet Basin fields.
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23 =
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Beaver Creek 0
Granite Point 0 0
0il McArthur River 0
Fields Middle Ground Shoal 0
Redoubt Shoal ~ 0
Swanson River 0
Trading Bay 0] 0
Albert Kaloa B *
Beaver Creek * *
Beluga River ' * *
Birch Hill " *
- Falls Creek *
Ivan River *
Kenai * * ‘ *
Gas Lewis River : * »
Fields McArthur River * *
Middle Ground Shoal *
Moquawkie . * *
Nicolai Creek * *
North Cook Inlet * * *
North Fork *
North Middle Ground Shoal *
Sterling *
Stump Lake *
Swanson River * *
Theodore River *
Trading Bay *
West Foreland *
West Fork *

Table 1. Productive horizons, by field, in the Cook
Inlet Basin (from AOGCC, 1985).
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Well locations in and near Swanson River
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Appendix B lists all Kenai Peninsula wells and gives the location, total
depth, dates drilled, and status of each well, if known.

The Swanson River Field was discovered on July 19, 1957, by Atlantic
Richfield 0il Corporation (ARCO). Swanson River Well No. 1 (34-10) was the
discovery well. This was the first major discovery in Alaska. The well had a
sustained production of 900 barrels per day of 309 API gravity oil. The
original oil in place was estimated at 520 million stock tank barrels. More
than 200 million barrels have been produced from the Swanson River Field and
there is an estimated ultimate remaining recoverv of 40 to 60 million stock
tank barrels of oil.

Gas was discovered in the Swanson River Field on May 18, 1960. All gas
wells have been shut-in since 1962. The field has produced more than 12
billion cubic feet (BCF) of dry gas, 1 million barrels of natural gas liquid,
and 1,642 BCF of wet gas. '

Marathon 0il Company made the initial discovery in the Beaver Creek Field
on February 10, 1967. Beaver Creek Unit Well No. 2 was the discovery well.
0il was discovered in the Beaver Creek Field on December 17, 1972, with the
Beaver Creek Unit Well No. 4 being the discovery well. As of June 1986, the
Beaver Creek Field had produced more than 38 BCF of gas, 1 BCF of wet gas, and
3 million barrels of oil.

Standard Oil Company of California (Chevron USA) discovered the Birch Hill
Field on June 14, 1965, with the SOCAL Birch Hill Unit Well No. 22-25 being
the discovery well. This single well field produced more than 65 million
cubic feet (MMCF) of gas prior to shut-in in 1965.

The Cannery Loop Field was discovered by Union 0il Company of California
(UNOCAL) on May 16, 1979. The discovery well was the Cannery Loop Unit No.
1. The field has been shut-in since discovery, but production is scheduled t»
commence in 1987.

The Falls Creek field was discovered on June 25, 1961, by SOCAL. The
Falls Creek Unit No. 1 was the discovery®sell. Another single well field,
Falls Creek has been shut-in since its discovery.

UNOCAL discovered the Kenai Gas Field on October 11, 1959. The Kenai Unit
Well No. 14-6 was the discovery well. Prior to June 1986, the Kenai Gas Field
had produced almost 1,700 BCF of natural gas and an additional 12,000 barrels
of natural gas liquids. The Sterling, Beluga, and Tyonek Formations produce
from multiple horizons. The Kenai Gas Field is a major supplier of natural
gas for Anchorage and the surrounding communities

Halbouty Alaska 0il Co., Alaskan 0il and Mine:ral, and King 0il Inc.,
discovered the West Fork Field on September 26, 1960. The well produced more
than 1.5 BCF of gas prior to being plugged and abandoned in September 1986,
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Other Cook Inlet Basin Fields

Granite Point, McArthur River, Middle Ground Shoal, Redoubt Shoal, and
Trading Bay are offshore oil fields within Cook Inlet. All are producing
fields except Redoubt Shoal which, has been shut-in since discovery.

McArthur River, Middle Ground Shoal, Trading Bay and North Cook Inlet are
Cook Inlet gas field that are currently producing gas. North Middle Ground
Shoal has been abandoned. Ivan River, Moquaskie, Nicolai Creek, Stump Lake,
West Foreland, Albert Kaloa, Beluga, and Lewis River fields are all gas fields
on the west side of Cock Inlet. Beluga and Lewis River fields are currently
in production. Albert Kaloa Field has been abandoned and the others have been
shut-in.

Potential for 0il and Gas Occurrences

0il and Gas Occurrence Potential

KNWR can be divided into two areas of different potential for hydrocarbon
occurrence. One of these areas has a high potential for hydrocarbon
occurrence, while the other has a low potential for hydrocarbon occurrence
(plate 2). These twe areas are divided by the Knilk Fault, which juxtaposes
two different rock types.

The area with high hydrocarbon occurrence potential has a BLM mineral
potential classification for hydrocarbons of H/D (see Appendix C). This area
is underlain by the clastic sediments of the Tertiary Kenai Group, and the
marine sediments of the Tuxedni Group. All oil and ges production in the Cook
Inlet Bagin is from the Kenai Group (table 1). Eighty percent of the o0il
production is from the Hemlock conglomerate, 18 pervent is from the Tyonek
Formation, and 2 percent is from the West Foreland Formation (Magoon :nd
Claypool, 1981). Gas is produced from the Tyonek, Beluga, and Sterling
Formations, with the Sterling Formation being the najor gas reservoir in the
Cook Inlet Basin. In KNWR, oil is produced from the Hemlock Conglomerate in
the Swanson River Field and from the Tyonek Formation in the Beaver Creek
Field (this is the only production of o0il on the Kenai Peninsula). Gas is
produced from the refuge in the Beaver Creek Field, although there are :
numerous gas field to the west of the refuge.

Figures 7, 9, 11, and 13 show the amount of sandstone (the most likely
reservoir rock) that can be expected in the West Foreland, Hemlock, Tyonek,
and Beluga Formations within the refuge. Figures 24 through 27 show the sonic
porosities that can be expected in these same formations. The percentage of
sandstone in the Sterling Formation is probably as great, if not greater, than
any of the other four formations. The porosity of the Sterling Formation in
seven fields ranges from 26 percent to 36.5 percent (AOGCC, 1985). These
figures indicate that all five formations of the Kenai Group have the
potential for being excellent reservoir rocks within the refuge.
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The presence of the marine Tuxedni Group rocks under the Kenai Group
within the refuge means that the probable source rock for all the Cook Inlet
Basins oil is in close proximity to the potential reservoir rocks. At Swanson
River Field, the intervening Cretaceous rocks have been removed by erosion.

The area with low hydrocarbon occurrence potential has a BLM mineral
potential classification of L/D. This area is underlain by the metamorphosed
and complexly deformed rocks of the McHugh Complex and the Valdez Group. Any
original porosity in these rocks has probably been destroyed during
metamorphism and deformation. Any available porosity for hydrocarbon
accumulation is likely to be fracture porosity. Due to the lack of porosity,
hence reservoir rocks, and the lack of source rocks, it is extremely unlikely
that there would be an accumulation of hydrocarbons in either the McHugh
Complex or the Valdez Group. There is a small possibility that an
accumulation of hydrocarbons may occur in this area, most likely in a
fractured area near the contact with the Kenai Group. The possibility also
exists that the McHugh Complex and Valdez Group are underlain by sedimentary
rocks that contain hydrocarbons. |

Typical 0il and Gas Development Scenario

Any further development, within the KNWR, would have the benefit of using
infrastructures previously established for the production of o0il and gas.
Services of nearby towns and the existing road system will also benefirt any
future development in this area.

If another economic field is discovered in KNWR, development and
production activities would begin on a year-round basis. Proposed plans for
the production and transportation facilities are developed during the eccnomic
study of the discovery and submitted to local, State, and Federal agencies for
approval. After completing the required review process, the plans are either
approved or denied pending further informationm, studies, and/or
modifications. Once approved, construction of permanent drilling/production
pads, roads, and pipelines could begin. The first construction activities
would be to construct a main road between an existing road system and the
field, the necessary pads, and the pipelines. Once the main road is
completed, production facilities would be transported to the field and
assembled. These buildings will be designed to last the life of the field;
depending upon the size of the field and the reservoir characteristics, one
would expect the field to produce 15 to 30 years.

For illustrative purposes, figure 28 shows the location of the facilities
needed to produce a hypothetical prospect. The placement and general design
of these facilities is based on the hypothetical shape of the prospect and the
assumption that the hydrocarbon reservoir characteristics and surface features
are favorable to a maximum directional drilling - minimum surface disturbance
condept. It should be understood that actual development could deviate
greatly from the presented scenario. Only after the unknown parameters are
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TABLE 2

PRODUCTION FACILITIES

FOR THE KNWR HYPOTHETICAL PROSPECT

Areas Disturbed

Cubic Yards of %ravel to

Facility (each) Construct (each)
Central Production‘Facility Pad 40 130,000
Drilling/Production Pads 15 45,000-50,000
Roads and Parallel Pipelines 5 acres/mile 16,000 yd3/mile
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TABLE - 3

TOTAL ACRES DISTURBED AND TOTAL
GRAVEL KEQUIREMENTS FOR THE
DEVELOPMENT OF THE KNWR
HYPOTHETICAL PROSPECT

i

Facility Acres Disturbed

Cubic Yards of Gravel
to Construct

Central Production Facility

‘Facility Pad (1) 40 130,000
Drilling/Production Pads (2) 30 96,000
Roads (8.5 miles) 43 136,000

TOTALS 113 362,000
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calculated, can the regulatory agencies work with the operator to minimize
surface disturbance while depleting the resources. Table 2 estimates the
acreage disturbed and gravel requirements for each facility, and table 3 is a
summary of total acres disturbed and gravel required for the hypothetical
project. Drilling/production pads shown in the scenario are each designed to
produce approximately 2,600 acres. Once the hydrocarbons are depleted from
the prospect, the wells would be plugged and abandoned, the facilities would
be removed, and the surface would be reclaimed per Federal regulations.

Production Facilities

Facilities needed for the production of oil and gas are the central
production facilities, drilling/production pads, pipelines, and roads.

Central Production Facility (CPF)

The CPF is the headquarters and pPrimary operations center for the
production activities of the field. Pads needed to support office buildings,
compressor plant (if needed), warehouse, and tank settings would be
approximately two feet thick and cover approximately 40 acres. Each of these
pads would require approximately 130,000 cubic yvards of gravel.

Gravel, needed for the construction of the production facilities, could be
mined, if available, near the field or hauled from an existing gravel pit.

Office buildings would accommodate 2-10 management and clerical
personnel. An additional 10-40 workers would be needed to maintain the
operation of the field.

Produced o0il would be treated and pumped into tank settings to separate
the oil and water. The water is removed and either pumped or trucked to
injection wells for disposal, and the oil would be pumped or trucked to the
Chevron or Tesoro refineries located north of Kenai, Alaska. Produced gas
could either be piped to existing gas lines or reinjected into the
subsurface. Production equipment necessary for the operations of the field
will depend on the type of production (gas, oil, or both) and the most
economical method of 0il transportation (trucked or piped).

Drilling/Production Pads

Drilling rigs would be the initial equipment located on the drilling/
production pads. As wells are completed, wellheads and pipelines would be put
in place. Selected pads may also support additional tank settings for oil
storage.

The size of these pads is dependent upon the number of wells they support,
distance between the wells, the gathering facility required, and any desired
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storage which may be needed. In the scenario, two pads are shown to cover 15°
acres each. These pads are hypothetically designed to support 20-30 wells
based on 80-160-acre spacing. The pads would be approximately two feet thick
and would require 45,000-50,000 cubic yards of gravel per pad. Actual field
characteristics may require more smaller pads supporting fewer wells,

Water for domestic use could be obtained by drilling water wells, trucking
it in, or building a pipeline from a nearby water source. Sewage could be
eliminated by a septic tank system, by truck or by pipeline tc an existing
sewage system. All trash would be transportec to an approved disposal site.

Fuel storage would hold diesel and other refined petroleum products
necessary for operating the equipment of the CPF. The area would be diked to
contain any spills which may occur. Power lines would be built to the field
to provide electricity. During electrical outages, a back-up generator would
provide emergency power. .

Depending upon the proposed depth and subsurface conditions, production
wells will take 10-60 days to drill and complete. Production from each well
is piped to a tank setting (oil) or treating facility (gas) where it is
metered and piped or trucked to the buyer. Unusable drilling mud and cuttings
are stored in reserve pits located on the pad. As wells are completed, this
material can be buried as the reserve pit is filled in or transported to a
disposal site.

Pipelines and Roads

Pipelines will run from each well to a tank setting or treating facility.
Depending upon the location of the water disposal wells, produced water could
either be piped or trucked. Diameter of the pipe will be three to twelve
inches, and all pipelines will most likely be buried. A main pipeline leaving
the field will be built along the most direct route to an existing pipeline or
refinery. Approximately 2.5 acres/mile would be disturbed while burying the
pipeline.

Roads will connect all pads within the field. They will be built with a
crown width of 35 feet and will be approximately two feet thick. Each mile of
road will cover five acres of surface and require 16,000 cubic yards of
gravel. Total road mileage varies between projects, depending on the size and
surface features of each prospect.

Economic Potential
The development or economic potential of an area considers not only the

geology environment concerning the existence of mineral resources, but also
the nongeologic environment as well.
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The nongeologic environment includes such considerations as merket
availability, the existing infrastructure in the subject area, price
projections, costs of production and marketing, anticipated rate of return,
and also alternative investment opportunities.

Current petroleum price projectiorns compiled from a variety of sources
(U.S. Department of Energy, 1985; Data Resources Inc., 1986; Chevron Corp.,
1986) are significantly lower than previous forecasts completed earlier in the
1980s (Appendix D, table 1). The range of oil prices projected in these
current forecasts vary from $18 to $42 per barrel by the year 2000 (constant
1984/85 dollars). With such a wide spread in forecasts, it is difficult to
assess future impacts of this variable on future exploration activities. It
was of interest to note that both a pPrivate research firm and a major oil
company forecast a crude oil price of $35/barrel, whereas the most optimistic
level of $42/barrel was a forecast of the U.S. Department of Energy (DOE) and
was dependent on high economic growth. Assuming that high economic growth is
not achieved, the DOE mid-range forecast of $36.75 is less than $2/barrel
higher than those of the private sector. This level ($36.75/barrel by the
year 2000) is approximately $5/barrel or 12 percent less than the average

-annual refiners' cost of imported crude in 1981/82 (constant 1984 dollars).

This scenario does reflect an optimistic picture as compared to the current
pricing structure and would be expected to provide incentives for future
exploration/production of the Kenai Refuge. -

Other forecasts from the same sources indicate an upward trend in
petroleum demand, but conversely project a decline in domestic production
which is indicative of a decrease in domestic exploration activities.

One last petroleum price projection that should be considered is the
scenario presented by Arlon Tussing (Bayless, 1987; Reinwand, 1987), a Seattle
based energy economist. Mr. Tussing, in late 1980, against all conventional
price projections, correctly forecast that international oil prices would soon
collapse. In January 1¢84, prior to the concern of most energy forecasters,
he stated that we were headed for a 10-year cycle of falling prices, and he
projected that ofl would soon drop within the range of $12 to $20 per barrel.
To date, this forecast has been quite accurate.

Mr. Tussing's latest forecast is even more foreboding, as he expects oil
prices in constant dollars to remain within a range of $10 to $20 a barrel
through the rest of the century. Beyond this timeframe, he expects energy
prices to decline even further.

The basis for this scenario is "fuel switching." Mr. Tussing states that
"many" of the industrial users are now equipped to use alternate fuels such as
oil, gas, or coal, depending on the prevailing price. He points out that the
exceptional high prices during the six-year period between 1979 and 1985 were
possible only because heavy industrial users were not at that time equipped to
switch fuels and were heavily dependent on 0il as a bulk fuel. This
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stemmed from the fact that exceptionally low oil prices prevailed in the 1950s
and 1960s and this trend was éxpected to continue ad-infinitum. He further
points out that for a century, between 1878 and 1978, crude oil prices never
exceeded $15/barrel in 1986 dollars and the average wellhead price during this
100~-year period was between $8 and $9 a barrel. Mr. Tussing believes that as
long as technological progress is selfLSustaining, the long-term price trend
for oil can only be downward.

The wide divergence in o0il price projections just presented are indicative
of the future uncertainty which exists in the national petroleum industry. As
we have seen, though, most mainline economists are forecasting an upward trend
in long~term oil prices. Although this is considered a promising sign for the
industry as a whole, this is foreshadowed by forecasts of a long-term decline
in U.S. production. This decline was brought on by a general cutback in
drilling and production activities by U.S. petroleum companies, triggered by
an excess world oil supply and resultant low product prices. Future
expansionary efforts by the petroleum industry would be anticipated to take
place in areas where, hopefully, capitol costs can be held down or, in lieu of
this, in areas of a great promise.

The Kenai National Wildlife Refuge appears to be an area where capitol
costs can be held down. Good road access is presently available to the
Swanson River and Beaver Creek Fields, and any further development in these
areas would have the benefit of a previously established infrastructure for
the production of o0il and gas. Services of nearby towns would also benefit
any future development in the area. In contrast to the above, it should be
noted that approximately one-half of the area which has been determined to be
"high potential" is presently within a wilderness area. Roads have not been
built through most of this wilderness area and access is limited to trails,
canoe, float plane, ctc.

To determine how much »f the area with high hydrocarbon occurrence
potential would be within the high development potential area, an economic
analysis of a "typical" prospect was performed to determine how many miles of
pipeline could be built to carry oil from the prospect to the refineries near
Kenai, Alaska. Using the parameters shown in table 4, 1t was determined that
this "typical prospect could support a 50-mile pipeline and still provide
investors with a 14 percent return on their investment. A circle with a
50-mile radius was drawn around the refineries, and it took in all of the high
hydrocarbon occurrence potential area, with the exception of the extreme
northeastern corner. As there is an existing road (along the Kenai to
Anchorage pipeline) to that corner, the per-mile cost of building an oil
pipeline to the corner would be cut enough to allow the construction of the
three or four miles of extra pipeline required to reach the corner.

Based on the above facts and assumptions, as well as the existence of a
promising geologic potential (rated as "high"), the developmental potential

for this corresponding area is also rated as "high." This means that there is
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a high probability that further oil and gas exploration and development
activities will take place within the refuge area boundaries within the next
15 years (plate 3). Constraints to this expected development would be an
unfavorable supply and demand picture and/or poor market prices. The area
rated as having a "low" geologic potential was similarly rated as having a low
development potential. j

Overview

In 1985, Alaska contributed nearly 20 percent of domestic petroleum
production (United States Department of Energy, Energy Information
Administration 1986). 1In comparison, Alaska is a relatively minor producer of
natural gas, with marketed production of approximately 300 billion cubic feet
per year in 1985 (United States Department of Energy, Energy Information
Administration 1986a). However, Alaska is an exporter of natural gas in the
form of liquified natural gas (LNG), which is primarily shipped to Japan.

Fundamental changes in the petroleum industry since the early 1970s will
certainly be a force in shaping the industry's future. This period brought
two major crude oil price shocks; rapid expansion in petroleum demand and
heavy reliance on foreign sources of supply to meet domestic needs.

Similarly, the consumer experienced shortages in natural gas supply which
resulted in a new era of gas price regulation (see Appendix U for a detailed
discussion of these changes). The rapid growth of the energy cector in the
late 1970s and early 1980s resulted in the highest petroleum prices ever
experienced by the industry. This set the stage for a period of energy
conservation efforts follcwed by declining demand and excess world productive
capacity with falling petroleum prices. By the middle of 1986, crude oil
prices had dropped to levels at or below prices received in 1973, before the
Arab oil embargo. Natural gas price increases stimulated drilling and
production in the early 1930s, which has resulted in domestic surplus capacity
(gas bubble) and depressed prices. The present unstable nature of the oil and
gas industry has resulted in a great deal of restructuring within the industry
and expectations for the future are very uncertain.

Most recent long-term price forecasts project an upward trend that will be
realized in the 1990s and possibly beyond (see Appendix D for specific prices
and trends). Domestic petroleum demand is expected to rise slightly above the
1985 level of 15.7 million barrels per day to a range from 15.9 to 18.1
million barrels per day by the year 2000. Natural gas demand could also
increase from 17.4 trillion cubic feet per year in 1985 to a possible range
from 17.1 to 20.4 trillion cubic feet per year in the year 2000. In contrast,
domestic production of petroleum and natural gas is projected to decline below
1985 levels by the year 20G0 (see Appendix D for a more detailed discussion of
historic and future petroleum and natural gas demand and supply relationships).

Therefore, the United States' dependency on foreign sources of hydrocarbon
supplies is expected to increase above current levels. Based on
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TABLE &4
Assumptions Used for the "Typical" Prospect Analysis

Size of PTOSPeCE.sereeteeenitniteuniesnnnnnenessF,200 acres
T L 3 feet
Volume of prospect...................f...........114,400 acre-feet
e e T R L percent
Permeability®.ueeereiiienininninnnennnnnennnnnesd55 millidarcies
Formation volume factor®.......eeveveeeveneneees.1.23
Water saturation*...........................;....40'percent
Recovery e o o 1. percent
0il PriCe. . uetietititnnieeenneieranrnnceneenss. .$18.00 barrel (held constant
, throughout life of field)
Recoverable TeSeIVeS.eerctsecnrncncresesnsnnsessa32,000,000 stock tank barrels
Gross income.....................................$576,000,000
Initial investment costs: -
Exploratory wells (4)........................$7,000,000 each
Development wells (28).......ﬂ...............$S,OO0,000 each
Pads and surface facilities........vevuvv....$10,000,000
Pipeline and road (50 miles).iveeiiinnnne....$500,000/mile
Total investment COSES.cesrenrenniierrnnneneans..$203,000,000
Annual costs:
Field L . 71 years, with peak
production obtained
4 years after discovery and
assumed 12.5 percent/year
decline thereafter
Operations...................................$1,000,000/year
Royalties....................................$3,600,000/year (12.5 percent)
Taxes........................................$10,406,000/year (43 percent
of net profits)
Total annual COSL.vercierrreeennentiinneee.....$15,006,000/yezr

* - Based on Swanson River Field - Hemlock Zone.
%% - Estimated; Swanson River Field, Hemlock Zome is greater than 50 percent.
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these projections, there is a considerable gap between domestic consumption
and production that can only be filled nationally be exploring new areas and
developing any commercial discoveries that are made.

In summary, if the Kenai National Wildlife Refuge was opened to o0il and
gas exploration and development, some small-scale economic benefits would be
expected to the State and the nation. These henefits would, of course, be
dependent upon locating commercial quantities ¢f 0il and gas and could be
further quantified by the size of the discoveries made. Industry has
expressed only a moderate interest in further exploration activities in the

Kenai Refuge, and this interest is not expected to improve substantially due
to current low prices.

A recent announcement, though, has indicated that UNOCAL Corporation,
Marathon 0il, and Cook Inlet Region, Inc., are planning to spend over 20
million dollars during the summer of 1987 to put the Cannery Loop Gas Field
back into production. The Cannery Loop Gas Field is located near the town of

Kenai, just west of the refuge boundary. This is ome encouraging sign for the
area,
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Appendix A

MEMORANDUM OF UNDERSTANDING
BETWEEN THE
FISH AND WILDLIFE SERVICE
AND THE
BUREAU OF LaAND MANAGEMENT
U.S. DEPARTMENT OF THE INTERIOR

BACKGROUND:

Section 1008 of the Alaska Nationa]l Interest Lands Conservation Act (ANILCA)

requires the Secretary of the Interior to initiate an oil and gas leasing
program on the federal lands of Alaska; it exempts, "...those units of the

" National Wildlife Refuge System where the Secretary determines, after having

considered the national interest jin producing oil and gas would be incompatible
with the Purpose for which. such unit was established." Section 1008 also

Or gas, he shall conduct a study, or studies, or collect and analyze
information obtained by permittees authorized to conduct studies under
this section, of the oil and gas potential of such lands and those

Section 3U4(g) of ANILCA requires that the Secretary of the Interior prepare a
"comprehensive conservation plan" for each of the 15 Hational Wildlife Refuges
in the State of Alaska. Among other things, these Plans are ¢o, "...specify

tne uses within each such area which may be compatible with the major purposes
of the refuge." The U.S. Fisn and Wildlife Service (FWS) has the responsibility
for preraring the refuge comprehensive conservation plans and is using the refuge
planning process to define those areas on refuges where o0il and gas exploration

established.
PURPOSE:

To fully comply with Section 1008 of ANILCA (i.e., to consider the national
interest in Producing oil and 8as from refuge lands) anp dccurate defensible

oil and gas resource assessment should be prepared for each National Wildliife
Refuge in Alaska. The FWS has limited technical expertise in assessing mineral

potentials. However, this expertise does existg within the U.S. Bureau of Land
Management (BLM), The purpose of this memorandum is to establish cooperative
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IT IS MUTUALLY AGREED THAT:

The BLM will develop an oi} and gas resource assessment for each of the 16
Mational Wildlife Refuges in the State of Alaska. These assessments will consist
of the following items (go the extent that available datga pernits) :

1. A detailed narrative discussion[of the géologic character of the refuge.

2. Amnap showing all known geologic formations ang geologic featureg pert inent
to the mineral assessment.

3. a geologic cross section showing the sub-surface character of the study area.

4. A detailed discussion of the engineering aspects, if there is 4 potential
for development in the area, includigg the types of facilities and the
infrastruccure necessary to economically develop the hydrocarbon potential,

4. a brief overview of the national énergy situation and discussion of the
importance of Alaskan oil and 8as production,

b. a generalized discussion of the economic potential for oil and gas

€. a discussion of the factors that may affect future oil and gas
development on the refuge.

The above six items shall. be considered the-minimun elements to be included ip

any refuge assessment. If sufficient non-proprietary geological angd geophysical
data exist, and the hydroca

4. structural contour maps showing the location and surface areas of
potential mineral] occurrences,

b. maps showing the magnetic and/or gravity character of the area,
€. maps showing the thickness of identified rock formations,
d. reservoir character map showing the pPcrosity, water saturation, and

€. a detailed development scenario map showing roads, docks, pipeline
corridors, etec. required to develop the prospects.,

FWS and BLM dated August 1984—attachment 1), and 3) geological and geophysical
information and data collected on or adjacent to FWS lands by the BLM, the u,s,
Geological Survey, the Scate of Alaska, and ocher governmencal agencies, During
the evaluation process, BLM geologists will mace official contacts with minera]l
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Companies that may have an interest in the area. Thege Companies will be given
an opportunity to submit data for consideration and they will also be given the
opportunity to discuss their feelings on the study area and itg oil and gas

development Potential with the evaluating geologists. A1l} interactions will be

documented and submitcted to the Fish and Wildljife Service at the close of the
project.

The oil and 8as resource assessments prepared by BLM will be delivered to the FWS
in a form suitable for public release. These assessments will be public
documents, and the FWS will make copies of the assessments available for publie
review. all formal communications with the public concerning the management of
FWS lands (e.g., the opening of refuge lands to oil and gas exploration or

In developing the oi] and gas assessmenta, proprietary information that was
obtained by the BLM will be shared with the FWS 3ag support for statements made in
the assessment; nowever, Proprietary information will not be included in the
public report.

The number of refuge resource assessments that BLM will complete each,year and
the amount of fundiag that tha FWS will provide to BLM will be determiged on an
annual bhasis by mutual agreement. Tha £ollowing three goals have been
establisned to assist the FWS and the BLM jn Planning their work commitment for
completing the refuge oil and g€as assessments:

1. The Becharof, Alaska Peninsula, Yukon Flats and Kenai National Wildlife
Refuge o0il and 833 assessments will be completed during the 1986 Fiscal
Year. .

2. If at all possible, the o0il and 8as assessaeats for the remaining 12
.refuges will be completed during the 1937 and 1988 Fiscal Years.

3. The FWS will reimburse the BLM for completion of o0il and gas assessments
and FWS will prioritize the aglessments to be completed each year, with
consideration for concurrently conduct ing analyses, if possible, on
refuges in similar geographic locations or of similar geologic
character, -

However, notiiing in this MOU shall be construed as requiring either ageacy to
assume or- expend any funds in excess of appropriations available. The remaining
12 National Wildlife Refuge (:WR) résource assessments will be conducted in the
Priority order established by the Fys on an annual basig:

1. Togiak NWK 7. Ianoko NWR

2. Tetlin NWR 8. Selawik NWR

3. Kanuti NWR 9. Kodiak NWR

4. Yukon Delts NWR 10. Alaska Maritime NWR
5. Koyukuk NWR 11, Tzembek NWR

6. Nowitna NWR 12, Arctic NWR
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FWS Regional Directo

:
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greement may be proposed by either
1 approval. Meetings to di

Regional Director .
U.S. Fish and Wildlife Service

™

MMMZ\;/J

State Direcgor
Bureau of Land Management
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mianment 1

MEMORANDUM OF UNDZRSTANDING
BETWEEN THE
FISH AND WILDLIFE SERVICE
AND THE
BUREAU OF LAND MANAGEMENT
U.S. DEPARTMENT OF THE INTERIOR

ARTICLE 1 Background and objectivesg '

Joxntly the Fish and Wildlife Service (FWS) and the Bureau of Land Management
(BIM) share responsibility to help meet Department of the Interior objectives
in Section 1008 of the Alaska National Interest Lanas Conservation aAct -
(ANILCA) of December 1980. The FWS id/authorized to issue permits for the
study of oil and gas on national wildlife refuges; the BLM Ray analyze
resulting data for identification of potential.

The FWS 1s issuing permits for surface geology study on all refugee. Permits
for geophysical exploration may be issuea on refuges having approvea
Comprenensive Conservation Plans. Lata from both activiiies are required to
be furnisned to the FWS.

This Memoranqum of Understanaine is eéntered into to initiate the role of BLM
to accept sucn gata Irom Fwo ang be responsible for ics coniidentiality.

ARTICLE 2 Statement of work

The FWS agrees to deliver to BLM aata collected :from Permittees of o0il and gas
Studies providged for in Section 1008 of ANILCA. The bLM dgrees to accept tne
data, store it, ang keep ‘1t conficential.

ARTICLE 3 Term and nodification

This understanding saall continue from date of signature ten years hence. It
may be modified and/or extended by mutual agreement, and terminated by either
Party with sixty days notice.

s e

kegilonal Lirector vate
Fish and Wildlife Servic

m . ( Kf/ E=~27-y
State Director J ’ Lace
Bureau of Land Mg agenen

71



vRa
v3a
vRa
v3a
vea
vea
vea
sng
vaa
v3a
vod
vaa
v3a
v3a
v3a
v3a
vRa
v3da
v3a
yRa
v3da
v3a
v3a
v3da

»xSN3eIG

£9/60/01
6L/90/10
89/61/01
€L/11/01
99/€1/L0
%9/10%C
99/6¢/60
29/90/L0
$8/¢€2/20
19/tt/T1
29/12/60
9/%T /%0
99/¢€1/%0
0L/ST/€0
09/01/60
%8/62/20
19/12/60
04L/91/%0
#8/G60/€0
89/1Z/€0
L9/70/%0

pajaiduo)

gL/1e/en
89/%1/60
8L/LT/50
£9/92/60
%1/01/60
89/%0/01
€L/21/80
99/01/%0
%9/ZT/11
99/%1/60
29/9t2/90
%8/01/11
9/¢1/T1
29/62/%0
79/6¢/€0
99/60/10
0L/1€/10
09/02/80
€8/C1/11
19/90/80
0L/20/20
£8/9Z/11
89/€0/10
99/¢c/C1

Pal1Tid

(280°€1
JIT10°6T
,00Z° Y1
1006°S
WST0 %1
,000°8
,€89°61
1068°€1
1906°¢
WSEL'S
E9°G
JIGSH R
196191
066 4T
,0S16
1922°GT
W G6€°T1
VE0°6
T0 91
V86°11
, 00671
,600°81
962°C1
1962°¢1

alL

£1pumng uorljEWIOFU] [[OM BINSUIUBJ TEUIY

TEETEE

TN

80

4 °5 101 ‘12
g ‘N 101 ‘go
4 ‘N Z0 I ‘g¢
4 ‘N €0 & ‘og
d ‘N €0 1 ‘92
4 ‘N €0 1 ‘61
q °N €01 ‘g0
¥ N S0 1 ‘st
4 ‘N S0 1 ‘80
4 ‘NGO L ‘z0
4 ‘N 90 I ‘ge
¥ ‘N L0 1 ‘6T
¥ ‘N L0 1 ‘zg
4 °N 90 1 ‘91
4 ‘N 90 I ‘g0
d4 ‘N L0 1 ‘oC
4 ‘N 01 ‘11
4 ‘N £0 1 ‘62
4 ‘N80 1L ‘LT
q ‘N 80 1 ‘st
4 ‘N % 1 ‘zo
4 ‘N 60 1 ‘10
4 ‘NOT I ‘22
»uoT13EI0]

g XIANdddV

*28g
R ET
T
HETY
*2ag
*09g
LT
* 298
*29g
*dag
*dag
*00g

*20ag
* 293
* 098
* 298
*o0ag
* 093
T
*dag
*09g
RET
*Jag

(Hg)

T *ON 12ATY AIYDTIUIN ‘Jjoyiaxyurag

1 °ON 3Tuf yo[ny wei) ‘uoyjeiey

1 "ON 3Jtun yd1ny wei) ‘uoruyp

1 °ON 3Tup joyisey ‘uoruf

J1isey adey ‘ieoog

T °"ON jJOolise) ‘unajoi3lad esay

1-0 °"ON d0HOD ‘uotup

1 "ON sioped3sawoy ‘ueipeue) L3Tuval

8-€1 "ON 31uf) Teudy ‘uorup

Z-1% *ON 31uf TeU3Y ‘uotup

8Z-¢% °"ON 3tun Burlislg ‘uotup

T °ON @1B3g 2Bl JTOM ‘I9ID/00¥V
(¥€) TE-VIT *OoN

T€-7C °ON 39231) eujopiog ‘yEO0§

91-€€Z °ON 10g 1S3y ‘jedOS

8-%Z °*ON 1tuf 2umoideN fiedog

0Z-%1 °ON 31uQ] 281D UIW ‘1eBD0S

31un 3291y doystg ‘Lanoqiey

1 "ON @3B3S 9%eT JIOM ‘IYID/00¥V

JTun o)e uemg ‘1eodog

1tup 9T ¥sTaung ‘1IQ 159104

1 °*ON 12ATY fuung ‘0o¥v

1 °"ON saje] uosuemg ‘(;) ooeX3]

JTU] UOISSasSsod *3Id ‘o0oexaj

ouweN 11sM

72

s P



Mod £9/20/11
v3a 29/90/L0
M9d €9/62/90
189 19/01/10
189 $9/61/60
v3a LL/et/et
189 9./0Z/L0
_Mod z8/S1/%0
Mod 9L/L1/10
Mod VITAYAA R
Mod zL/sz/1n
189 89/01/80
Mod 19/60/FT-
Mod L9/€1/90
vRa £9/60/20
veda €9/€0/€0
vRa 99/9Z/11
Va0 e
veda 29/90/11
vRa 19/61/21
vVda @000 ——eeee—-
vRa 0L/81/€0
sng L9/€0/€0
via =000 e
vea £€9/20/21
vRda 86/90/80
vRa 6$9/82/¢€0
v®d %9/81/50
xxSNIEIQ pajiaidwo)
Z 93eqg

L9/€1/60
29/92/90
£€9/61/90
19/50/60
S9/0€/11
£1/81/80
9£/0€/€0
18/61/11
SL/TG/11
%L /01/90
TL/T1/90
89/92/L0
L9/€1/L0
L9/€1/€0
L9/%0/10
€9/L1/20
99/L1/11
29/21/L0
29/L0/90
19/92/11
0L/92/T0
0L/tzT/10
L9/t1/10
£9/50/80
£9/60/60
86/61/€0
c9/sz/11
%9/22/€0

pa11t1d

1668°6 M Tt
WE9¢ S M 60
20299 M 01
1 2E8 %1 M 01
100561 M 60
...... M o1
...... M. 01
...... M 01
...... M 01
...... M 01
...... M 01
...... M 01
L69°GT M o1
:962°01 M 01
HEL'6 M 01
1E6L°€E Mz
JE10°Y M Z1
1896°01 M %1
1 S0L YT M ST
1968°9 M It
,160°01 M Z1
AL ARA M€l
21121 M ST
WSLL'8 M ST
066 €T M €T
J1220 91 M €1
,00€°91 Mz
LT M Y1
NHH °

el o g

’
M

Mg aEdmadedd e

‘N %0 X ‘90
‘N 90 I ‘gc
‘N SO I ‘60
N SO0 & ‘¢t
‘N 60 I ‘Gz
‘N L0 1 ‘2t
‘N 90 L ‘%0
‘N L0 1 ‘vg
‘N L0 1 ‘LT
‘N L0 1 ‘LT
‘N L0 1 *vg
‘N L01 ‘L2
‘N 90 1 ‘€0
‘N L0 1 ‘vg
‘N L0 1 ‘vg
‘S 90 1 ‘40
‘S 90 1 ‘80
‘S 901 ‘90
‘e 60 1 ‘o1
‘S %0 1 ‘62
‘S 40 1 ‘ve
‘S %0 I ‘%0
‘S €0 1 ‘g¢g
‘S €0 1 ‘zt
‘s 201 ‘2t
‘S§ Z0 I ‘st
‘S 10 1 ‘sg
‘S 10 1 *v¢
xu013EBO0]

*o9g (91)T NG °ON teuay ‘uotun
* 228 (Z)8Z-€% *ON Burraaig ‘ieooun
*o9g 6-€% °*ON Buriaaig ‘1edoup
988 (1)§1-€Z "oN 3Buriasas ‘reooup
298 (1)SZ-T¢ HY 1ITH yYoa1g ‘yedoy
° 9938 8 °"ON 291D i3aeag ‘uoyjeaey
° 99§ { °ON @31y izaerag ‘uoyjeaey
*d2g 9 °ON 921D 13aeag ‘uoyleaep
*d9s (Hf) (P1) G °ON )921) 12ABdg ‘uoyjeiey
"985 (HY) G °ON 3d31) 13arag ‘uoyieaep
*098 (HH) % °ON 231) a3aeag ‘uoyjeaey
*93g (HY) € °ON 39210 13aaeag ‘uoyjieaey
* 09§ Z °ON P@91) iaaeag ‘uoyjeaey
°935 (HY) V-1 °ON 921D 1aaeag ‘uoyjeiel
* 998 T °"ON °31) 1saeaq ‘uoyjeaey
BEEH] 1 °ON 231D z3t1ag ‘L3noqiey
* 098 ) 1 *ON °*1S Leg [eO0H ‘odeEX3]
*938 1 °ON Yd1nY puowetq *0§ ‘[EIUIPIIIN
* 093 1 °*ON 3juroq zoyduy ‘ied0§
" o898 1 *ON I8ATY{ acyouy °jevog
‘998 : 1 "ON (°3S) 3Tun STITH moqiaely ‘110 I(n9
©039g %-11 °ON 3Tuff jx04 ylaoN ‘yed0§
* 098 1 "ON 31Ul °3I§ Joqyorielg ‘[rozuuayg
MCCH 1 “ON 3tun °38 Jojqyorieig ‘jrozuuagd
* 098 7Z-1¢ °"oN Loyiep Addey ‘aoraadng
* 23§ 1 °*ON 31uq >a3x) dasg ‘yedog
‘098 T °"ON x3jieM 2®lW eupy VSN ‘uwy ued
1988 T "ON ATYdTTIUIN “TIqOW

£1eumng uotjewiojuj [[8M EnSuiuag 1RUDY
(*3uod) g XIANAddV

SueN Ti1aM

73



v3a
Mod
Mod
Mod
Mod
Mod
M9d
Mod
M9d
Mod
M9d
#94
#od
Mod
M9d
Mod
vea
Mod
Mod
Mod
Mod

MId ¢

MOd
Mod
M4
MOd
MDd

¥¥SN18IG

¢ 9%3eg

99/62/60 99/%1/60
18/L0/21 18/€2/11
65/L0/11 65/82/01
$9/¢1/50 $9/10/50
65/%0/21 65/82/11
%9/61/20 %9/8Z/10
18/0€/21 18/61/21
78/22/%0 28/t1/s0
69/5Z/11 69/50/11
$9/11/90 $9/1LZ/S0
$9/L1/S0 €9/90/50
69/77:/€0 69/62/90
8/9z/20 28/91/20
18/L2/01 18/22/60
65/92/60 65/82/50
09/0€/01 09/81/01
%9/1L0/T1 %9/22/11
LL/L0/80 LL/6T/L0
28/L1/90 78/60/90
78/0Z/80 Z8/€1/90
$9/%2/90 $9/L1/90
6L/%1/10 8L/01/¢1
8L/22/60 8L/6Z/80
8L/T2/60 8L/62/80
69/L0/90 69/11/20
89/.0/80 89/€0/L0
pa3aiduwo) PEF R R

,018°01
W 226°01

al

=22
— - -t
— -

M1t ¥

Tt
(Al
11
11
1T
11
11
11
11
1l
11
11
1t
11
11
1
11
11
11
11
11
11
It

TR

[~ - - -

N N N N N - A

‘N S0 I ‘20 *9°8
‘N GG 1 90 9298
‘N 60 I ‘1€ °929§
‘N 60 I “zg -o°s
‘N S0 I 0€ °o°s
‘N %0 I ‘g1 °99s
‘N %0 1L ‘10 *9°8
‘N %0 I “L0 °9935
‘N %0 L ‘0 ‘018
‘N G0 I ‘zg °9e8
‘N %0 I ‘L0 *0%S
‘N %0 1 ‘90 *99g
‘N %0 L ‘S0 *998
‘N 60 1.-°zZg *99s
‘N %0 1 ‘90 °9°S
‘N %0 1 °90 *o9g
‘N %0 1 ‘40 *298
‘N G0 I ‘80 *98§
‘N 70 1 ‘g0 ‘928
‘N %0 1 ‘90 °93s
‘N %0 I ‘40 °9@sS
‘N #0 I ‘80 *99S§
‘N %0 1 ‘90 *oeS
‘N G0 1 ‘zg 988
‘N 60 I ‘1€ *99s
‘N %0 1 ‘90 °9o98
‘N 0 1 ‘L0 °929S
‘N %0 L ‘80 °9@s
xUOT]ED07]

A1euwng uorjeWwIOIU] [[9M BINSUTUAJ
(°3uod) g XIANIddV

(he)

(49)
(He)

(HY)

(HY)
(Hg)

(He)

TRUDY

(S1) Z-1% NA °ON
e-%¢ "OoN

(T) 1€-%€ ni "oN
(01) z¢-€£€ *oN
(£) 0€-€€ *oN
L~€€ °*ON

(L1) 1-€€ °ON
{-1€ N¥x °ON
L-%T A °*oN
‘(€Z) TE-X1Z "ON
(21) L-1Z *©oN
9-17 "ON

(ZZ) §-1z mA *oN
ZE-%1 N ‘oN
9-X%1 M °OoN

(1) 9-%1 nA °*oN
(%) %-%1 nA oN
(8)8-€1 N1 °OoN
8-€1 n9gM °oN
9-€1 N °ON
8-XZ1 ngx "oN
8-11 0A °*oN

(€1) 9-11 N3 °ON
9 Nay °oN

(9-1€) G nax °oN
G Nad ‘oN
(0Z)(L-€1) ¥ nax °*oN
(L1)(8~-12) T nax °oN

SuweN T1°2M

TRUS)Y
TeUd)y
feuay
TeUd)Y
Teusy
TeUd)Y
Teuay
TRUDY
TRUdY
TeUd)y
TRUd)
TRUd)Y
teuay
TRUD)Y
TRUdY
TRUaYy
TRUI)Y
TRUD)Y
TRUdY
TRUd)Y
TRUDY
TRUIY
TeUdy
TRUd)Y
TRUd)
TRUD)Y
TRUdY
TeUd)Y

‘uoTug
‘uotuf
‘uotup
‘uoiuf
‘uotun
‘uotuy
‘uotup
‘uotuq
‘uotuy
‘uotup
‘uotuy
‘uotuq
‘uotun
‘uotup)
‘uotun
‘uotup
‘uotuq
‘uotug
‘uotun
‘uotup
‘uotup
‘uotun
‘uotuf
‘uotuf
‘uotuf
‘uotup
‘uotuy
‘uotuq

74




MOd 09/11/2 ¢
Mod mN\No“ ! 09/82/01 1970°11 M 60 Y ‘N L0 I ‘60 °9°8
¢l $L/OT/TL  ==mmm- ¢ ¢ 6-%1 °ON 12AaTy uosuemg ¢
Mod 69/€2/01 69/80/6 =~ _ M 60 ¥ ‘N[0 G0 *99s : ! S ‘1Ed0§
IS0 19/%2/L0 0 .Om¢.~.~ M 60" ‘N LOL ‘Co *oog G-V#1 °*ON 138ATY uosuemg ‘jedog
MOd 19/91/90 ;06801 M60d °N L0 I ‘g0 °09% G~%1 °ON 12at1Yy uosuemg ‘1ed0§
1/e1/zn 1L/12/80  ~———mem . -] ~ON Zonry uO :
150 8/%1/01 78/21/60 M 60 ‘N80 I ‘¢ *098 (HY) v . I¥ uosuemg ‘ied0§
Mod st/ /90 </ o e M60Y ‘N L0 L ‘40 °02g ’ . £-f1 .OZ I19ATY uosuemg ‘iedog
sng / /%0 - M60d N L0 L ‘Ho 99 6~€1 °*ON I9ATY uosuemg °‘iedog
vaa sL/91/11 sL/ez/60 ——-——- M60Yd ‘NLOL .umm (HE) #-€1 ON 19ATY uosuemg °[edog
#od 1979z 19/10/€0. ,65L°21 M 60 ‘NLOL ‘1 -a08 €-€1 NDS °ON I2ATY uUosuems ‘[edog
, 9L/50/10 SL/YT/TIT —eeeee ‘ 91 S (%) 91-Z1 °*ON 19ATY uOSUBRMG ¢
Mod w1/ M60Y ‘N LO L ‘01 *99S (H : S VSN uoaaayy
ioge L£z2/90 Y%L/62/S0 ,088°01 M 60 ¥ ‘N 20 1 ¢ o g)  01-VYZ1 NOS °"ON 19ATY UOSUBMG ‘yS UOIADYD
150 19/€0/%0 19/62/20 WL6°01 M 60 ¥ N /0 L .#O .- S %-V-Z1 0§ °"ON I9ATY UOSUEBMS ‘YyS[ UO0IABY)
Hov 19/€2/£0 19/L0/20 ,168°01 M 60 Y N L0 I .¢o .uwm (1) %-Z1 NOS "ON I9ATY UOSUBMG ‘ySQ] UOIAY)
189 09/51/60 09/S1/90 1610°%1 M60d ‘N9o I 2 -o08 €-VZ1 NOS "ON 13ATY uosuemg ‘yg uoiasyy "
1S9 AN 59/60/80  ,z18°21 My o ‘S %0 & .MM .wwm g-1 dM °*ON 103 1saM ‘[10 YV A3Inoqrey ~
M9d 19/70/%0 09/L0/21 1S6LET MZL ¥ ‘NT0 L ‘90 *92 (1) S€-T% N4N °ON >104 y3lioN ‘iedog
! 89/61/60 89/21/60  —————m . S 1 *ON @913 s ‘
189 19/81/ M 1T ¥ NGO I ‘0g 208 D siied ‘1eEO0S
Mod QO\Nﬁ\%w 19/11/10  ,0z0%9 MITYE ‘N4 1 ‘g1 *998 (61) 0E-%% M *oN reusy ‘uotup
Mod $9/52/90 Mw“mw“mw T MZT Y N %0 1 ‘Z1 °998 Aon 91~%#% M °*ON Teusy ‘uorup
MOd 61/61/10 mﬁ\mo\o W LOLCS MIT ¥ N % 1 ‘Lo °oog 1Z) Z1-€% N °"ON TeUDY ‘uoTup
MOd QQ\NO\QO QO\WN\MW .rll.“.l.l M1l ¥ az 20 1 aOO * 228 ﬁnmﬂv =LY% OA ”OZ Teua)y aEO.m:—u
Mod $9/80/90 $9/92 oo M IT ¥ ‘N %0 1 ‘90 998 X9-g¥ °ON Teuay ‘uotup
MOd Aw\wc\o.— \ﬂc .@QN S M IT ¥ oz 0 1 n@O *59g Awﬂv V9-£H% NA °ON Teua)y a—.—O..H—.—D
o orsee 18/12/80  —————- MI1 Y NSO LI ‘g °oag AH~v0M1m¢ M °ON TeUdY ‘uoTup
lllll - T . IN¢ n °oN Teuay ‘uot
Mdd 19/L0 . MET Y ‘NGSOL ‘90 *d98 ! 1up
Mod ﬁN“oH“Mw mw“mN\NH .mmo.m MITYd ‘N9 I ‘61 *998 9-XZ% NIY °*ON Teuay ‘uortup
Mod 6L/21/21 b mﬁ\qc 2L MIT Y ‘N % 1 ‘80 *92§ (Hf) (S) 61-1% N °ON Teusy ‘uotrup
OP\PN\.H.— llllll M I1 ¥ N %0 L [0 °09g 81-1% A} "ON Teuay .COM..—D
»xSNIBIG pajeiduoy pe111ag P L-1% ng} *ON Teudy ‘uorup
’ ar yU0TIRDO]
SWEN 11oM

A1pumng UOTJPWIOFUI T{2M BINSUIUDJ TEuaY
(°3u02) § XIANZddY )

4 23eg




Mod €L/21/50
Mod SL/L1/01
MOod %./01/80
Mod 19/60/10
Mod 19/91/20
Mod %L/10/20
VR 29/8¢/20
1S0 SL/0E/S0
MoV 69/L1/80
mMod z8/¢€t/80
1S0 0./L0/01
Mod SL/L0/60
Mod €L/92/60
Mod €L/gc/Lo
Mod €9/21/11
v®d €9/€1/%0
v3a 29/12/60
Mocd SL/LT/80
MOV £€9/62/90
Mod 19/60/L0
Mod €9/50/20
Mod 19/L1/60
Mod 19/Li/60
1S0 19/0z/¢1
Mod 09/60/21
Mod %1/91/60
xx8N3EIG pailaiduoy
G aleqg

€L/E€T/€0  ,001°11
SL/ST/80 ,0L8°01
%L/91/i0  —-———-
09/€0/21 ,0€8°01
19/€06/10 ,878°01
€L/L1/01  —————e
29/60/10 WCSTETT
SL/8T/%0 1920°11
69/50/L0 W6ETCTT
8/97/90 —————-
0./20/60  ~————-
SL/22/50 J0E0°T1
€L/6T/L0 1966°01
€4/0€/90 187601
£€9/21/L0 «8Y6°01
z9/Tz/Tt 196141
29/62/%0 06671
GL/T0/80 ,016°01
£9/0T/S0 16S0°11
19/81/60 WA TR
¢9/91/21 (000°11
19/61/L0 1968°01
19/1Z/L0 1968°01
19/60/11 (00T°11
09/0¢/01 ,0£8°01
yL/Lt/80 +166°01
CETEEEL az

£L1eumng uotjeWIOFU] [[°M BINSUTUS4 IERUAY

60
60
60
60
60
60
60
60
60
60
60
60
60
60
11rapay
M 60
11T1pay
60
60
60
60
60
60
60
60
60
60
60

B2

2Rz

o Moo e e

S - -]

‘N L0 1 ‘g0
N L0 I ‘SO
‘N L0 1 ‘60
‘N L0 1 ‘60
‘N L0 1 ‘80
‘N L0 1 ‘SO
‘N L0 I ‘g0
‘N L0 1 ‘91
‘N L0 1 ‘91
‘N L0 1 ‘80
‘N 80 I ‘%¢
‘N L0 I ‘60
‘N L0 I ‘60
‘N L0 1 ‘SO
‘N L0 1 ‘€0
‘N L0 L ‘€
‘N L0 1 ‘91
‘N £0 1 ‘91
‘N L0 1 ‘o1
‘N L0 1 ‘60
‘N L0 L ‘g0
‘N L0 I ‘%0
‘N £0 I -*%0
‘N L0 1 ‘€0
‘N 80 1L ‘vg
‘N L0 1 ‘60
xUOTIEBD07]

(°3u0d) g XIANZddV

*992g
* 398
*09g
*2ag
T
*29g
*22g
*2ag
LT
* 283
S ET
*29g
*09g
LT

b ET

*09g
*09g
*202g
*oag
*2ag
* 293
+28g
*2ag
* 228
* 08¢
*2ag

(HE)

8-€¢
S-¢¢
6-VZE
(6)6-C¢
(01)8-2¢
$-VZE
(1€)5-2¢
91-V1g
91-1¢
8-1¢
wE-YT
6-V4Z
6-%¢
[T 74

£-vVET

(%€) 7€-vIe
7¢-7t
91-91¢
91-Viz
(Lg) 91-12
6-12

8-1¢

7-V1T

(s2) %-1¢
€-1¢

Ye-%1
6~Vh1

-oN
-0
-oN
-
“oN
“oN
“oN
-on
“oN
“oN
“oN
‘o
“oN
-oN

.
.
.
-oN
“oN
-oN
-oN
“oN
.
-on
“oN
“oN
“oN

19atTy
13ATY
I9ATY
I2ATY
I9A1Y
I2A1Y
I9ATY
1aa1y
19ATY
1aa1y
I9ATY
I9ATY
19ATY
I9ATY

IaATY

I9ATY
1aa1y
I9ATY
I9ATY
Iaary
19ATY
19ATY
I9ATY
19ATY
19ATY
I9ATY

SuEeN T1°M

uosuemg
uosuemg
uoSsuBRMg
uosuemg
uosuesmg
uosSuBMg
uosupmg
uosuemg
uosueMg
uosuemg
uoOSuBMg
uosuemg
uosuemg
uosuemg

uosuemg

uosuemg
uosuemg
uosuemg
uosuemg
UOSUEMG
uosupMg
uosuemg
uosuemg
uosuemg
UoSueMg
UOSUBMG

‘1E20Q
‘1eo08
‘1eo08
‘1eo0g
‘1e0208
‘ieoo0g
‘1eo0§
‘1eo08
‘1e208
‘ieoog
‘1e0o08
‘ieo08
f1e208
‘1ed08

‘1e008

‘1eo08
‘1eo08
‘jeo08
‘1e208
‘1eo0g
‘1e008
‘1e208
‘1e208
f1e208
‘1eo08
¢1ed08

76



MID
MOd
MaR
MOod
Mod
Mod
MOod
MOd
MOV
MOd
Iso
MOd
I1so
v=da
MOd
Mod
MOod
MOod
MOd
MOd
veda
MOd
MOd
Mod
IS0
Is0

¥»xSNJEIg

9 93eqg

09/62/60
29/51/20
19/80/86
18/10/11
wL/61/C1
SL/0€/€0
£9/17/€0
%1/80/50
19/61/%0
€L/21/10
19/€2/50
$2/9t/20
9£/92/20
19/20/$9
19/20/50
£8/60/20
zL/02/%0
zL/02/%0
19/€0/90
19/50/60
09/20/11
29/L1/¢€0
19/1€/01
19/12/21
19/0€/60
09/91/11
9L/60/T1

pailsdwo)

09/91/80
79/¢£0/20
19/9¢/L0
18/%1/01
€L/59/01
SL/11/11
£€9/01/20
%1/91/€0
19/21/€0
£€L/81/10
19/L2/%0
2L/60/21
9L/60/21
19/6z/¢c0
19/62/€0
£€8/L0/T1
ZL/80/10
zL/80/10
19/650/$0
19/€2/L0
09/0€/60
29/60/10
19/52/60
19/L0/11
19/60/80
09/%1/01
9L/€2/L0

pPat1t1q

Aipumng uotjewrojuy (oM eInsutuad teuady

-—
-t
ot

Lo}

M60d °N LO I ‘60
M60d ‘N LOL ‘S0
M 60 Y ‘N LO X ‘v0
M60Y ‘N LO I “80
M60Yd ‘N L0 ‘80
M60d ‘N LO I ‘%0
M60YU ‘N L0 L ‘60
M60d ‘N LOLI ‘80
M60Y N L0 ‘80
M 60" ‘N (01 ‘SO
M60Yd ‘N LOI SO
M60d ‘N LOL ‘GO
M60Y ‘N LO I ‘%0
pay

M60 Y ‘N 0L ‘%0
M 60 ‘N {01 ‘%0
M60Y ‘N L0 I ‘SO
M60d N LOI ‘SO
M60¥ ‘N LOI ‘SO
M 60Y ‘N LO I ‘60
M60Yd ‘N LO L Y0
M608 ‘N80 I ‘g€
M 60 ¥ N L0 X ‘91
M60d ‘N LO L ‘60
M60Y ‘N O ‘S0
M60d ‘N LO L ‘SO
M60Y ‘NLOL ‘%0
M60Y N Q0 1 ‘€¢

*:0.._” IeD07

(°3u0d) 4 XIANFddV

* 293
*23g
* 238
*oeg
*28g
*29g
* 288
*d9g
* 09§
*0ag
* 993
* o098
°dag

e ET
* 298
*00ag
* 223
*D0ag
*0ag
*29g
* 298
* 028
ET
*29g
* 298
*Dag
* 098

(Hd)

6-61€
(e€)8-twe
(92)%-e%2
8-vyy
8-y
-1y
6-€Y
8-vey
8-ty
g-agy
S-veYy
(81)s-¢¥
Qay-veY

-y
(91) %-£¥%
s-dzy
-V
S-2¥%
V6-1%
S~1%
£E-H€
91-%¢
6-4€
(62)8-%¢
S-%¢
%-%€ nos
£E~€€

“oN
“oN
.oy
“oN
“oN
“on
-oN
-oN
“on
“oN
-
-oN
-0

-oN
-on
-
“oN
“oN
“oN
“oN
“oN
“oN
“oN
“oN
- 0N
“oN
“oN

19ATY
IaATY
I9ATY
19ATY
I9ATY
19A1Y
19ATY
19ATY
I9ATY
I9ATY
I9ATY
asat1y
I9ATY

19A1Y
BETN #
I9ATY
I2ATY
Iaaty
I9ATY
19ATY
I9ATY
I9ATY
I2ATY
I9ATY
I9ATY
19ATY
IDATY

SweN [i12M

uosuemg
uosuemg
uosuemg
uosupMmg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuesg

uosuemg
uosusag
uosuemg
uosuemg
uosuemg
uosuemg
uosuBMg
uosuemg
uosupMmg
uosuemg
uosuemg
uosueng
uosuemg
uosuemg

‘1e0US
‘1e008
‘1eO08
‘1eo0g
‘1e208
‘1eo08
‘ieoo0g
‘1eoosg
‘1e008
‘1eo208
‘1edo08
‘1eo0g
‘1eo08

‘1ED03
“{ed08
‘1eo0g
‘1e208
‘1edo0s
‘1e008
‘1e208
‘iedo0g
‘{eoog
‘1e208
‘1e0o08
‘1eo08
‘1e00§
‘1e20%

77

i

i

v
A4



Mod 86/S1/20
Mod LL/10/L0
MOd TL/0E/T1
MOod 19/20/90
MOd 19/L2/10
mod 09/%2/20
Mod i9/62/€0
MIM 86/6z/01
Mod £€9/S1/€0
MOd 19/%2/%0
MOd 19/12/21
180 19/10/90
MOd 29/20/90
Mod £€9/zz/10
150 $6/60/90
vRa €9/€1/%0
Mod 09/20/01
Mod 56/90/11
Mod 09/S1/60
MIM 2L/02/50
MI9 19/10/€0
MID 19/60/(0
MID 09/02/¢€0
mMIio 09/1¢/s0
MI9 19/80/L0
MID 19/22/$0
MID 09/€1/80
xxSNJeIQ paiatduoy

([ 93eqg

LS/01/11
LL/8T/%0
TL/ST/60
19/80/50
09/%Z/11
09/%0/10
19/¢1/20
85/12/80
£€9/L0/T0
19/81/¢€0
19/%1/11
19/60/%0
29/91/%0
29/%1/21
65/62/€0
29/62/60
02/%0/60
6S/%0/L0
09/%¢/L0
TL/L1/%0
09/0¢/21
19/50/90
65/€0/21
09/0£/€0
19/0€/50
19/21/%0
09/%0/90

patitria

970°C1
068°T1
+880°11
1568°01
W8E° T
JH19°11
NiLIARR
JEG9°T1
1S90°11
JIYTETT
WZ10°11
e T
{STLTT
,000°11
,09%°11
109€ %1
W2E0°T1
W00S°T1
JE8C°TT
JORGETT
1566°01
HI8°01
WSTETT
6IT°TT
+0SL°01
1SLL0T
(02611

aL

M60Y ‘N8I ‘LT
M60Yd ‘NG LI ‘g1
M60Y ‘N80 L ‘g¢
M 60 Y °N 80 1 ‘c¢
M60d¥ ‘N8O I ‘s2
M60Y ‘N8O L “‘ZcC
M60Yd ‘N80l ‘S
M60Y¥ ‘N8 I ‘¢z
M60Y ‘NBO I ‘v¢
M60Y ‘N8I ‘LZ
M60Y ‘N8O I ‘Z2Z
M60Y ‘N8I ‘Gl
M60Y¥ ‘N80 L1 ‘g¢g
M60d ‘N8O L ‘¢z
M60Yd ‘N8O I ‘St
M 60 ‘N80l ‘60
M 608 ‘N 80 1 ‘v¢
Mo60Y ‘NS8O I ‘LT
M60Y ‘N8B I ‘Gt
M60d ‘N L0 1 ‘01
M60d ‘NgOLI ‘cg
M60d ‘N L0 1 ‘S0
M 60 d ‘N L0 I ‘%O
M60Y ‘N LOI ‘%0
M60d ‘N (O ‘60
M 60" "N G I ‘w0
M60Yd N L0 1 ‘%0
»xUOTJBOO07]

* 2933
* 098
* 298
EET
*2ag
* 208
* 298
R ET
* 293
*09g
* 038
*209g
*29g
* 028
* 298
* 2938
*29g
*d0ag
LT
*09g
* 8%
* 093
*0ag
* 093
= 29g
*09g
*2ag

(He)

£1eumng uorjeWIOIUT [ToM eInsutuag 1eUadYy

(*3uod) g XIANIddV

(?)tT-1¢
SI-1¢
£e-%Z

(0z)eg-te
L2-€T
(6)T2-€C
(11)G1-€2
{(€)ee~-ze
(SE)vE-TC
(81)Lz-1¢
(92)zz-1¢
(61)ST-12Z
(62)ce-vyi
(ve)ze-v1
(V9)S1-%1
(€€)6-%1
(e1)ve-T1
(9)(t-21
(2¢1)S1-21 nis
(1%)01-21%
£e-Eve
8-1%¢
H-1%¢
H-2€¢€
6-£2¢
H-€2¢
HY-41¢

“oN
-0
-0
“oN
-oN
“oN
-oN
- 0N
-oN
-oN
-oN
.
-0y
“oN
-oN
- oN
“oN
-oN
“oN
“oN
-oN
-on
“on
-oN
“oN
“oN
‘0N

I9ATY
I3ATY
I92ATY
A3ATY
19ATY
19A1Y
19ATY
I9ATYy
I9A1Yy
19ATY
I9ATY
I9ATY
1aA1y
19ATY
I9ATY
19ATY
I9ATY
I3ATY
I9ATY
IaaTy
19ATY
I9ATY
I9ATY
I9ATY
IaAa1y
13ATY
I9ATY

sueN oM

uosuRMg
uosuemg
uosueRMg
uosuemg
UOSUBMG
uosuemg
uosuesg
uosuepMmg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosueMg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuenmg
uosuemg
uosuemg

‘1ed208
‘1e008
‘1eO208
‘1eoo0g
‘1eo08
‘1008
‘1eo08
‘1e008
‘ied08
‘1e00g
‘1eo08
‘1e20g
‘1e208
‘1e209
‘1eo08
‘ieoog
‘1eD208
‘1ed0g
‘1eo08
‘1ed0g
‘1e208
‘1e008
‘1eooQ
‘1e008
‘1ed08
‘1e009
‘ieo0g

78

ey



189 19/6Z/L0
189 6S/£0/01
159 z9/0¢€/L0
189 8G6/61/20
189 09/€0/90
vRd 79/61/%0
MaM 29/9¢/%0
1S0 19/62/60
1S0 09/%1/50
1820 29/9Z/¢€0
Mod 19/v1/L0
1S0 19/60/01
150 19/90/¢€0
MaM 09/11/80
vaa 19/8¢/11
Mod 79/60/21
Mod £€9/90/60
vya 6S/€2/€0
mMod LS/%C/80
Mam 18/8¢/50
1S0 09/%0/80
vaad 09/1Z/11
ved 6s/1¢€/21
MaM 18/%2/%0
gxSNIeIg paiatduo)n
g 93eg

19/12/90
65/50/80
29/51/90
Ls/ot/11
65/92/21
79/0Z/€0
t9/Tt /%0
19/12/80
09/41/€0
29/L1/¢€0
19/91/90
19/91/L0
19/22/10
09/80/80
19/91/01
29/50/01
£9/0¢£/€0
6S/%0/10
LS/50/%0
18/SZ/50
09/12/90
09/01/01
6S/€0/11
18/0Z/50

pPa11t2a

206T°T1
(C86°T11
+000°T1
19%0°21
(9ER°TT
:100°6

.S08°¢

,008°¢L

1620°C1
60L°S

1SL8°01
\08€° 11
JEETCTT
,000°¢

12411
0% 11
1088°01
+28G°21
W8E°ZT
1 66%°C

WSBETT
WW09° 11
JELLTT
JI9%°C

ar

£1puwng uotjewiojuy 1M einsutusj IeUIY

*uorjeo0] , 270y wWoljoq,

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

EEZEEIZIIZIIIIZI=TRIT 222

Mmoo X e e

‘N80 I ‘61
‘N80 I ‘S1
‘N 801 ‘ze
‘N80 1 ‘Lz
‘N80 1 ‘L¢
‘N80 1 ‘it
‘N 80 I ‘€¢
‘N8O L ‘L2
‘N 80 1 ‘01
‘N 80 I ‘I
‘N 80 1 ‘g¢
‘N 80 1 ‘8z
‘N80 1 ‘GI
‘N 80 1 ‘cg
‘N 80 1 ‘g¢g
‘N 80 1 ‘gz
‘N80 1 ‘st
‘N 80 1 ‘8¢
‘N80 1 ‘91
‘N 80 1 ‘o1
‘N 80 1 ‘g¢g
‘N80 I ‘¢
‘N 80 1 ‘17
‘N80 1 ‘zz
‘N80 1 ‘gg
*:OMUWOOA

(*3u0d) g XIQNAddV

‘119 se8 utr Inys - IsH S{[am 110
1®M pauopueqe pue

e ST uotrjedog =®>mw 9Yy] suepdu Azmv

*29g
*99g
ST
*2ag
* 238
° 093
*2ag
*22g
*29g
* 093

*119M se8 pauopueqe - M9V
123em - MIM {1124 uorioalur sed - MI9 {1fom 1esodsip is3em - MEM ST]o4 1esods1p pnu - MW
‘I1em se3d pue [To ur Inys - 1§90 ‘119m {10 uUT 3Inys - 1o
‘1194 sed Sutronpoad - M9q f11°m papuadsns - gqg {9Twouodaqns Ljuo inq Kap 3q jou few ‘7

*293 (HY)

* 203
*2ag
* 228
*2ag
* 298
* 2928
* 088
* 293
RET
T
*29g
T
*0ag
*22g

v

(T2)S1-%¢Y
($)s1-zey
(1€)cz-1ey
(T)Lt-15€
(8)(Z-%1¢
(82)12-2¢tC
(og)eg-1zz
(vT)Le-cie
(01)01-21¢
(LT)S1-11¢C
£e-4%
(1z)8z-¢¥
QI(ET)S1-€Y
(s1)ee-1vy
(veryee-1v
(s2)8z-1%
(ZE)STI-VIY
(9€)8Z-%¢
(7)91-%¢
01-%¢
aMee-z¢
(11)ce-z¢
(v1)LT-2¢
(L)Tz-z¢
£E-1¢€

1194 110

*oN
-Oz
*ON
*ON
*ON
*ON
*ON
“oN
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON
*ON

a9ATY
I9ATY
IDATY
I8ATY
I9ATY
19ATY
I9ATY
19ATY
Iaaty
a3at1y
IaATY
I9ATY
I9ATY
1aA1y
192ATY
I9ATY
19ATY
IaATy
IDATY
I9ATY
IaATy
I9ATY
I9ATY
I9ATY
I9ATY

sueN [ioM

8uronpoad

‘ueTprasy

‘119m uotrjoaflur
pauopueqe - MOV

- MOd

WA20,, - V3a xx

uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
uosuemg
UG sSuUBMg
uosuemg
uosuemg
uosuemg
uosuemg
uosueMg
uosuemg
UoOSuBMg
uosuemg
uosueMmg
uosuemg
UOSURMY
uosuemg
uosuemg
uosuemg
uoSueMg
uosuemg

piemag g

‘1BO08
‘1ed0s
‘1e008
‘1eo08
‘1e208
‘1e008
‘1e008
‘1eO0%
‘ieoo0g
‘1eo08
‘1e20g
‘1ed08
‘1eo0g
‘1e008
‘1e208
‘1e008
‘ied08
‘1eo08
‘1eocg
‘18209
‘1208
f1eo0g
‘ieoo08
‘1eo0g
‘1e208§

79



APPENDIX C
BLM's Mineral Potential Classification System
(from BLM Manual, Chapter 3131)

Mineral Potential Classification System

I. Level of Potential !

i

o. The geologic environment, the inferred geologic processes, and the lack
of mineral occurrences do not indicate potential for accumulation of
mineral resources. ’

L. The geologic environment and the inferred geologic processes indicate
low potential for accumulation of mineral resources.

M. The geologic environment, the inferred geologic processes, and the
reported mineral occurrences or valid geochemical/geophysical anomaly
indicate moderate potential for accumulation of mineral resources.

H. The geologic environment, the inferred geologic processes, the reported
mineral occurrences and/or valid geochemical/geophysical anomaly, and
the known mines or deposits indicate high potential for accumulation of
mineral resources. The "known mines and deposits' do not have to be
within the area that is being classified, but have to be within the
same type of geologic enviromment.

ND. Mineral(s) potential not determined due to lack of useful data. This
notation does not require a level-of-certainty qualifier.

II. Level of Certainty

A, The available data are insufficient and/or cannot be considered as
direct or indirect evidence to support or refute the possible existence
of mineral resources within the respective area.

B. The available data provide indirect evidence to support or refute the
possible existence of mineral resources.

C. The available data provide direct evidence, but are quantitatively
minimal to support or refute the possible existence of mineral
resources.

D. The available data provide abundant direct and indirect evidence to
support or refute the possible existence of mineral resources.

For the determination of No Potential, use O/D. This class shall be seldom
used, and when used it should be for a specific comnodity only. For example,
if the available data show that the surface and subsurface types of rock in
the respective area is batholithic (igneous intrusive), one can conclude, with
reasonable certainty, that the area does not have potential for coal.
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*As used in this classification, potential refers to potential for the
presence (occurrence) of a concentration of one or more energy and/or mineral
resources. It does not refer to or imply potential for development and/or
extraction of the mineral resource(s). It does not imply that the potential
concentration is or may be economic, that is, could be extractec profitably.

{
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APPENDIX D
OIL AND GAS DEMAND AND SUPPLY RELATIONSHIPS

The importance of potential oil and gas resources from this refuge is
dependent on the hydrocarbon potentialiof the area, national need for
additional sources of ocil and gas, and the economics of exploring and
producing any hydrocarbons that might bec discovered. This Appendix provides a
detailed review of the factors that have contributed to the present domestic -
oil and gas situation and possible future demand for oil and gas, which is
directly linked to the national need for oil and gas resources from the refuge.

Domestic Energy Trends

The domestic energy situation, as it relates to oil and gas consumption
and production, has changed dramatically since the early 1970s. 1In 1970,
petroleum and natural gas supplied 44 and 33 percent (United States Department
of Energy, Energy Informaticn Administration, 1984), respectively, of the
total energy consumed in the United States (figure 1A). By 1977, petroleum
accounted for nearly 49 percent of domestic energy consumption, and natural
gas declined through 1985 when petroleum supplied nearly 42 percent and
natural gas contributed approximately 25 percent of total energy demand.
Figure 1 graphically depicts the contribution of each major primary energy
source to total national energy demand in 1970, 1980, and 1985. Coal,
nuclear, and geothermal energy were the primary forms of energy to increase
their market share of total energy consumption during this time period at the
expense of petroleum and natural gas resources..

Total domestic energy consumption peaked at 78.9 Quadrillion (QUAD)
British thermal units (BTU) ia 1979 and subsequently declined to 73.8 QUADS in
1985 (United States Department of Energy, Energy Information Administration,
1986). Over the 15-year period from 1970 to 1985, total primary energy
consumption increased 11 percent from 66.4 QUADS to 73.8 QUADS; however, the
rapid increase in energy consumption and escalation in the cost of energy (the
cost of energy more than doubled from 1.35 constant 1972 dollar per million
BTU in 1970 to 2.90 in 1981) during this time period resulted in a dramatic
change in national energy cemsumption patterns. Total energy consumed per
constant 1972 dollar of Gross National Product (GNP) ranged from 56,500 to
61,000 BTUs per 1972 dollar of GNP for 1960 through 1976 (United States
Department of Energy, Energy Information Administration, 1985a). A decline in
the intensity of energy utilization was realized in 1977, when total energy
consumption dropped to 55,700 BTUs per 1972 dollar of GNP, and this downward
trend continued through 1985, when energy consumption was reduced to 42,900
BTUs per 1972 dollar of GNP (United States Department of Energy, Energy
Information Administration, 1986). The decline in energy consumption was led
by the reduction in the intensity of petroleum and natural gas utilization.

In 1985, only 68 percent as much petroleum and natural gas were consumed per
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dollar of GNP than in 1977, as compared to 77 percent for total energy
consumption. The reduction in intensity of energy utilization was indicative
of a national conservation effort which may be attributed to many factors
including: increased real energy prices, the increased service orientation of
the economy, and changes in the mix of product production (United States
Department of Energy, Energy Information Administration, 1985a).

Historical 0il and Gas Demand, Supply, and Price Relationships

The relationship between price and domestic petroleum supply and demand is
shown in figures 2 and 3. Import prices utilized for petroleum in figure 3
are represented by the national average refiner's acquisition cost of imported
crude oil and wellhead prices are presented on the basis of the national
average for all producing wells. Domestic crude oil prices were not
completely decontrolled until January 1981; therefore, domestic wellhead
prices do not follow import prices during the 1970s. Petroleum product demand
rose throughout the early 1970s, until it peaked at 18.8 million barrels per
day (MBPD) in 1978 (United States Department of Energy, Energy Information
Administration, 1986a). Crude oil price increases began with the Arab oil
embargo in 1973, and a second major price run-up was triggered in 1978 by the
Iranian revolution and subsequent oil stock building in anticipation of world

oil shortages. Real import prices peaked at $44.00 per barrel (1985 dollars)
in 1980.

Domestic petroleum product demand began a downward slide in 1979, which
continued through 1983. The Organization of Petroleum Exporting Countries
(OPEC) members sought to maintain the higher prices, that resulted from oil
Price shocks of the 1970s, by production restraints. However, oil prices have
steadily declined since 1981 as a result of slow economic growth with
subsequent declining petroleum demand and excess world productive capacity
(United States Department of Energy, Energy Information Administration,
1986b). Domestic oilgprices in the second quarter of 1986 had declined to the
lowzr teens in nominal terms which is comparable to 1973 prices in real
dollars. Figures 2 and 3 show that petroleum demand is sensitive to price and
is characterized by long lags and high elasticities.

Domestic petroleum production has been much more stable than petroleum
product demand. Figure 2 shows that Alaskan production, primarily from the
North Slope, contributes a significant portion of domestic supply. In 1985,
Alaska accounted for more than 20 percent of the national crude o0il production
(United States Department of Energy, Energy Information Administration,
1986a). Price increases of the 1970s provided incentive for exploration and
production from higher cost areas such as Alaska. Foreign imports have been
required to fill the gap between domestic supply and demand. Crude oil and
petrcleum product imports peaked in 1977, when net imports accounted for more
than 46 percent of domestic petroleum consumption. Net petioleum import
levels declined to 27 percent of product demand in 1985, but the United States
still remains highly dependent on foreign petroleum supply sources.
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The history of natural gas production and consumption in the United States
is quite different from petroleum, and it has a direct bearing on gas pricing
policies, demand and supply relationships in the 1970s and 1980s (figures 4
and 5). Natural gas went from a little-used waste by-product of oil
production in the 1930s to a source of energy that supplied nearly 33 percent
of national consumption in 1970 (figure 1A). By 1970, gas was being delivered
to consumers at prices well below those of competing petroleum products
(United States Department of Energy, Energy Information Administration, 1984)
Prices paid to gas producers by interstate pipeline companies were held at low
levels through regulation by the Federal Power Commission, which resulted in
increased demand and reduced incentives for producers to explore and develop
new gas reserves. Regulated prices allowed intrastate transmission companies
and distributors to bid natural gas supplies away from interstate carriers
(Trussing and Barlow, 1984). The 1970s has been noted for the gas supply
shortages in the midwest and northern states. Imported gas prices increased
in a pattern similar to oil prices, but domestic prices remained under
regulation. The Natural Gas Policy Act was passed in 1978, which allowed
wellhead prices to increase and deregulated certain categories of gas. Price
increases provided incentives to explore and develop new sources of gas.
Natural gas consumption started a sharp decline after 1980 under the influence
of higher gas prices, a weak economy, warm winters, and, since 1981, falling
0il prices (United States Department of Energy, Energy Information
Administration, 1984). This trend continued through 1985, with the exception
of a small increase in gas demand realized in 1981 which may be attributed to
the strong ecuonomic growth in the national economy in that year.

Net imports of natural gas are primarily received through pipelines from
Canada and Mexico, although there are some liquified natural gas (LNG) imports
. from Algeria. Net imports generally ranged near five percent from 1970 to
1985. Alaska is a relatively small producer of natural gas, ranging from
approximately 100 to 325 billion cubic feer per year from 1970 to 1985 (United
States Department of Energy, Energy Information Administration, 1985b).

Alaska is, however, a net exporter of natural gas in the form of LNG,
which is delivered to Japan. Huge gas reserves have been identified on the
Alaskan North Slope, but this resource has not been commercially produced due
to a lack of transportation infrastructure.

Future Oil and Gas Demand, Supply, and Price Relationships

From the review of historic petroleum and natural gas price, demand, and
supply relationships, it is apparent that there have been fundamental changes,
such as petroleum price deregulation and energy conservation efforts, in the
national energy market since the early 1970s that will likely affect future
petroleum and natural gas production and consumption. At the present time,
the national petroleum market is directly linked to the world petroleum market
by price and supply. The situation is characterized by excess productive
capacity in the world market, a strong desire by exporting nations to sell
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petroleum to meet financial obligations, a time of relatively slow economic
growth, and declining petroleum prices. The domestic natural gas industry is
currently working off surplus reserves added during the early 1980s, but
depressed prices have resulted in a sharp reduction in drilling which could
have serious implications for future domestic gas production.

{

Implications of the petroleum price slide during the first half of 1986
are not yet fully discernable. Middle eastern nations have been unable to
reach accord in setting and adherence to self-imposed oil production quotas.
In the past, Saudi Arabia has taken the position as swing producer for OPEC
and thereby reduced production to maintain quota levels. However, Saudi
Arabia changed policies in 1986 to concentrate on achieving a "fair market
share" of the international petroleum market with little concern for output
quotas. The strategy behind this policy was not disclosed, but speculation as
to the potential motivation and results of this action includes:

1. Saudi Arabia is making a show of strength to discipline OPEC members that
have cheated on production quotas and prices with hopes of bringing member
and possibly non-member nations together as a unified market group;

2. Saudi Arabia sought to increase revenue, but underestimated the effects
additional production would have on price;

3. Saudi Arabia is flooding the world oil market in an effort to eliminate
producers with higher costs of production and thereby reduce competition;

4. Saudi Arabia is acting to reduce prices and stimulate growth in petroleum
demand to reverse conservation efforts initiated in the late 1970s and
1980s.

In any event, a tremendous amount of uncertainty exists in the natiomal
petroleum industry, which h#s resulted in major financial restructuring. The
most evident signs of restructuring are major employment reductions and
reduced capital expenditures for exploration and drilling.

- The intevest in mineral exploration and possible development in this
refuge is driven by the future national demand for oil and gas, the cost and
availability of domestic supplies and the hydrocarbon potential of the area.
The rate of future economic growth and hydrocarbon prices will be the major
determinants of petroleum and natural gas demand. Future domestic production
is dependent or. resource availability and market prices. However, political
forces are having an increasingly important affect on world oil prices, which
will ultimately dictate future market conditions. The instability in the
world oil market results in tremendous uncertainty in predicting future.
hydrocarbon prices and market conditions. Table 1 presents three recent crude
0il and natural gas price forecasts by the United States Department of Energy,
a private research firm, and a major cil company. The prices shown in these
forecasts are significantly lower than previous forecasts completed earlier in
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TABLE 1

PETROLEUM AND NATURAL GAS PRICE FORECASTSL/

'

Crude 0il ($/Barrel)

Natural Gas

($/McF)
Reference 1990 2000 2010 1990 2000 2010
U.S5. Department of Energy,
19852/
Low Economic Growth 20.27 31.31 47.42 2.54 4,13 6.02
Reference Case 22.89 36.75 56.77 2.76 4.80 7.68
High Economic Growth 25.02  42.17 67.12 2.88 5.42 9.i4
Data Resources Incorporated,
19862/ 16.91  34.32  49.99 1.69 3.80 5.76
Chevron Corporation, 19863/
Low Case 12.00 18.00 nN/A Rise to parity with
High Case 27.50 35.00 N/A fuel o0il prices.

1/ Some of the price estimates presented in this table were interpre
graphic displays and/or extra
prices may vary slightly from

the actual values.

2y Reported on the basis of constant 1984 dollars.

3/ Reported on the basis of constant 1985 dollars.
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the 1980s. The range of oil prices projected in these forecasts is $18.00 to
$42.00 (constant 1984 and 1985 dollars) per barrel in the year 2000. The high
price range is approximately equivalent to the average annual refiner's
acquisition cost of imported crude received in 1981 and 1982 (constant 1984
dollars). The range of prices projected for the year 2010 is $47.00 to $67.00
per barrel. These prices would be substantially above the peak levels paid in
the early 1980s. Natural gas prices are pProjected to range between $4.10 and
$5.50 per thousand cubic feet (MCF) in the year 2000, and $6.00 to $9.10 per
MCF in the year 2010. The magnitude of projacted natural gas price increases
is similar to forecast changes in world oil prices.

Projections of future domestic petroleum and natural gas demand and supply
conditions is presented in table 2. All three forecasts projected an upward
trend in petroleum demand above current levels. Petroleum consumption is
projected to range form 15.9 to 18.1 MBPD in the year 2000, and possibly
increase to 19.4 MBPD by the year 2010. In comparison, domestic petroleum
production is projected to decline to levels ranging from 6.1 to 8.9 MBPD by
the year 2010. Domestic natural gas demand is projected to increase to a
level ranging from 17.1 to 20.4 TCF per year by the year 2000 and then decline
to a level of 16.7 to 18.3 TCF per year by 2010. Domestic gas production is
projected to follow a similar trend, with domestic oil production and decline
to levels ranging from 13.9 to 15.0 TCF per year by the year 2010.

Conclusion

National hydrocarbon markets have undergone substantial changes since the
early 1970s. Energy conservation trends initiated by real price increases of
the 1970s are expected to continue through the end of this decade and possibly-
beyond. However, future economic growth is expected to result in some
increased demand for petroleum and natural gas, which domestic production of
these finite resources is projected to decline. As a result, the United
States will become increasingly dependent on foreign hydrocarbon sources to
meet national requirements. New areas will need to be explored, and any
economically viable resources that are discovered will need to be brought into
production in order to meet domestic needs. The potential contribution of
this refuge to national oil and gas production is dependent on its resource
potential and the potential cost at which any discovered hydrocarbon resources
could be extracted and marketed within the constraints of future 0il and gas
prices.
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TABLE 2

FUTURE DOMESTIC PETROLEUM AND NATURAL GAS
DEMAND AND SUPPLY RELATIONSHIPSL/
(See Table 1 for Price Forecasts)

{

Demand Supply

Reference 1990

2000 2010 1990 2000 2010

Petroleum (Millions of Barrels per Day)

U.S. Department of Energy, 1985

Low Economic Growth - 16.1 15.9 15.5 9.8 9.0 7.8

Reference Case 16.7 16.6 16.5 10.0 9.4 8.3

High Economic Growth 16.8 17.0 17.3 10.0 9.7 8.9
Data Resources Inc., 1986 16.9 18.1 19.4 9.5 7.3 6.1
Chevron Corporaéion, 1986 16.0 16.8 N/A 9.2 7.0 N/A

Natural Gas (Trillion Cubic Feet Per Year)

U.S. Department of Energy, 1985

Low Economic Growth 18.6 18.8 17.2 17.4 16.1 14.7

Reference Case 19.1 19.7 17.4 17.6  16.3 15.0

High Economic Growth 19.5 20.4 18.3 17.9 16.6 14,7
Data Resources Inc., 1986 . 18.9 18.1- 16.7 16.7 15.3 13.9
Chevron Corporation, 1986 17.3 17.1 N/A N/A N/A N/A

[ 4

1/ Some of the numeric estimates presented in the table were interpreted from
graphic displays and/or extrapolated from data series, so the reported
Prices may vary slightly from the actual vaiues.,
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